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Printing Telegraph Systems Applied to Message 


Traffic Handling 


BY A. H. REIBER 


Associate, A. I. BE. B. 


Manager of Sales & Engineering, Kleinschmidt Electric Co., 


Review of the Subject.—Ever since the building of the first 
practical automatic telegraph instruments by Vail in America in 
1837, and Wheaistone am England in 1841, an ever-increasing 
amount of the world’s high-speed communication has been carried 


on by the printing telegraph. While these early machines were 


built primarily for the use of the European Government Telegra phs 


or the large American telegraph companies, the developments of 
the last few years have produced an instrument which is a practical 
working tool for the service of modern commercial and industrial 
enter prises. 

This paper discusses some of the economic principles which 
determine the applicability of the automatic printing telegraph to 
present-day communication problems. Examples are given of the 
application of this type of apparatus to modern business conditions 
and the fundamental fact is demonstrated that whenever speed is 
essential in communication, consideration should be given to the 
automatic printing telegraph. 


OBJECT AND SCOPE OF THE PAPER 

N transmitting intelligence from one point to 

another, the requirements of one case differ widely 

from those of other cases. Sometimes speed of 
service is the important item, while under certain 
other conditions speed may be sacrificed for the sake 
of economy, or perhaps both speed and economy may 
have to be sacrificed for some other consideration— 
for instance, the transmission of original documents. 

To meet the needs of these different problems, 
various types of communication systems are now in oper- 
ation and it is becoming more and more of a problem to 
choose the system that will best meet the requirements 
of a given case. The business executive instinctively 
turns to the systems he is used to, and in many instances 
does not take the time to find out what other methods 
of communication are available. Too often a mes- 
seriger service is used where mechanical conveyors of 
some kind should be in operation, or additional tele- 
phones are pressed into service where a printing tele- 
graph system might be installed to advantage. Per- 
haps one of the most direct causes of this condition 
is a la¢k of literature on the subject. 

It is the object of this paper, therefore, to point out 
very briefly some of the advantages of a branch of the 
communication art which is not very well-known to the 
average business man or industrial plant engineer and 
to describe briefly the operation of a few systems In 
this class. ng 

The systems referred to are automatic printing tele- 
graph systems. These may be divided into two classes: 

1. Heavy traffic load systems. 

2. Light traffic load systems. 

Where the traffic load is approximately 80 words 
per minute or over, the volume may be handled with 
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Brooklyn, N. Y. 


The discussion is limited to those forms of light traffic load 
printing telegraph systems which have been developed particularly 


for linking together the departments of the factory, the terminal 


points of the railroad, the branches of the banking, the brokerage 
or the selling organization or the wnits of any other large corporation. 


A description is then given of the principle of operation of three 
such systems, somewhat in detail, as there is very little literature on 
the subject. 
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heavy traffic load systems. Smaller loads do not, 
as a rule, warrant the installation of an elaborate 
heavy traffic load system, but may best be handled 
with light traffic load systems. Of course, such 
conditions as fluctuations in traffic, speed of service or 
other considerations may justify the installation of a 
heavy traffic load system in cases where the average 
traffic load is less than 80 words per minute, for instance, 
where the traffic often fluctuates far above normal and 
where speed of service is important. For a general 
discussion, however, the above division may be taken 
as applying to a majority of cases. 

Heavy traffic load systems have been described in 
various other papers! presented before the Institute but 
very little mention has been made of the light traffic load 
system. The following discussion will therefore be 
limited to three light traffic load systems developed 
within the last five or six years, namely: 


1. The Morkrum “green code” system. 
2. The Western Electric “start stop” system. 
3. The Kleinschmidt system. 


APPLICATIONS OF PRINTING TFLEGRAPH EQUIPMENT 
TO COMMERCIAL CONDITIONS 

The three most important savings effected with 
printing telegraph systems are savings of time, line 
wire and labor. 

The distance between the sending and receiving 
station does not necessarily have to be as great for the 
sake of economy, as is often assumed. A _ printing 
telegraph system will often pay for itself by the saving of 
time alone. Take, for instance, a concern where orders 
are received at a central point, to be filled, part at one 
department and part at other departments in the same 
plant. Ordinarily such orders are sent to the first de- 
1. John H. Bell, “Printing Telegraph Systems.” A. I. E. E. 
Trans. Vol. XX XIX, Part 2, 1920. 
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partment where certain items are placed on a truck to- 
gether with the orders. The truck is then sent to the 
next point, where additions are made, and so on until the 
truck passes through all stations involved. This method 
requires a considerable amount of time which may be 
saved by using a printing telegraph system. If a 
receiving set is installed in each department, that part 
of an order which applies to the first department may 
be sent by wire to the first department, and that part 
which applies to the second department may be sent to 
the second department, etc. All this may be done auto- 
matically while making out the invoice. In one opera- 
tion, therefore, the invoice is made out and the order is 
sent to the proper sections of the plant. All depart- 
ments receive their parts of the order at practically 
the same time, and each may therefore start work 
immediately without having to wait for the others. 
The items are then brought together in the shipping 
room where they are checked against the original order 
and sent out. This is one instance where the saving 
of valuable time justifies the installation of a light traffic 
load printing telegraph system. 

To illustrate a condition where line wire may be 
saved, we may assume a problem where there is a 
need for rapid transmission of a fairly large volume 
of traffic from New York to Chicago. Let us consider 
that speed is an important factor, and that, during the 
busy hours, the traffic load is over 40 words per minute. 
If Morse operators were placed at each point, an aver- 
age of between 30 and 40 words per minute would be 
the most that could be handled, and to handle the 
traffic two line wires would have to be leased. The 
cost of the wires with two Morse operators at each end 
would be approximately as follows: 


Two leased wires (approximately) $40,000 per year 
Four Morse operators at $1800 per 
1200 Sioa“ 


$47,200 « « 
The installation of a light traffic load system makes 
the second line wire unnecessary. The annual charges 


under this arrangement would be approximately as 
follows: 


One Leased wire (approximately).. $20,000 per year 


Two Operators at $1200 per year... A400 sey -4 
*Two Maintenance men at $1800 
Det Cale: ates Sak eee ee S000) Hares 
Annual charges on equipment 
figuring a depreciation over a 
period of 8 years, interest, taxes, 
administration and repair parts 
(APOLOXIMALCI\)a qatt aeeieenne es eee 1 OOO mig 
D2 (, 000 PE = 


*This figure is kept high for purposes of illustration. A still 
greater saving would be shown in an actual case, as the main- 
tenance men would either be free most of the day to do other 
work, or would act as operators, thus wiping out the $2400 
operator charge. 
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By using automatic equipment, the speed may be 
very materially increased at a saving of approximately 
$20,000 per year over what it would cost to increase the 
speed by adding additional Morse operators. This is 
an instance where a saving of line wire more than 
justifies the installation of a light traffic load printing 
telegraph system. 

Perhaps the best illustration of how a saving of 
labor can be effected, by the installation of automatic 
equipment, is the case of press associations. At one 
time a well-known press association employed as many 
as 100 messengers to deliver news to various news- 
papers scattered throughout a city. Light traffic 
load printing telegraph systems are now giving these 
papers far better news service, and, by means of periodic 
inspections, just a few maintenance men keep the 
equipment in order. At each newspaper office a 
receiving set is installed, and one transmitting set at 
the central bureau sends news to all of the newspapers 
simultaneously. The editors at the various news- 
papers tear off the printed copy from time to time but, 
as paper is fed into the printers automatically, no 
other attention is necessary. 

These are only a few of the cases whére automatic 
equipment may be used to advantage. Many others 
might be mentioned. Line wire plays but a small 
part in the first example, and in the second example 
this system of communication will still prove advantage- 
ous even if no saving in labor is shown. In all three 
cases, however, speed is essential and automatic 
equipment offers a promising solution of the problem. 

The system chgsen must be capable of operating 
at rates of speed slightly higher than that required 
for handling the average traffic load. At first glance 
it might appear that to increase the speed of a set 
above the point where it can handle the traffic under 
normal conditions would be destructive to the machines. 
Such is not the case, however. With equipment de- 
signed for a range of between 40 and 80 words per 
minute, the wear is the same for every 1000 words 
printed, no matter whether that 1000 words is printed 
at a speed of 40 words per minute or 80 words per min- 
ute. On long or poor lines, speed is limited by the 
carrying capacity of the line, but for shorter distances 
the speed should be regulated, not from the stand- 
point of wear on the machines, but in accordance 
with the traffic load. It has even been found prac- 
tical to speed up above the sending capacity of one op- 
erator and to employ two operators at the sending sta- 
tion during the busy hours. 


METHODS USED IN COMMON BY SYSTEMS TO 
BE DESCRIBED 


All three of the systems to be described make use 
of the following basic methods: 

Messages are first prepared as perforations in a 
paper tape by typists familiar with a standard type- 
writer keyboard and the tape is then fed through a 
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transmitter which translates the perforations into 
line signals and steps the tape forward one character 
at a time. At the other end of the wire the message 
1s automatically received on a printer in page form. 
Each system employs a different type of perforator 
but the perforated tape prepared by any one of them 
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Specimen of tape with all characters perforated. 
Fig. 1—ComBINnaTIons oF Positive AND NEGATIVE IMPULSES 
REPRESENTING THE DIFFERENT CHARACTERS 


may be used on any of the three systems and also on 
the multiplex system used by the Western Union 
Telegraph Company.? Likewise each system employs 
a different type of printer but certain standards are 
adhered to so that any one of them may be used inter- 
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Fic. 2—ScuHematic Wirinc DiaGRaAM orf TRANSMITTING 
AND RECEIVING APPARATUS 


changeably with the printers used in the multiplex 
system.’ 

‘, A five-unit code provides 32 combinations of positive 
and negative impulses as in the multiplex system. 
These impulses are used to operate five selecting mag- 
nets in the printer. For every character selected, one 
or more of the selecting magnets is operated. This 


2. John H. Bell ‘Printing Telegraph Systems,” loc. cit. 
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makes it possible to select any one of the 26 letters 
of the alphabet or any one of the functions such as 
“space,” “carriage return,” “line feed,” “figure shift,”’ 
or “letter shift.” Counting both the upper and the 
lowercase positions, 52 letters, numbers or other 
characters are possible. Fig. 1: shows the various 
combinations of positive and negative impulses that 
represent each of the different characters. 

Motor-driven distributors are employed at both 
the sending and the receiving stations to transmit the 
line signals from the sending station at a uniform rate 
of speed and to receive and interpret these signals at 
the receiving station. The speed of the motors at 
each end of the line is maintained uniform by governors. 

Fig. 2 is a schematic wiring diagram showing the 
principle involved in sending and receiving. 

The speed at which signals are sent over the line 
depends on the speed of the transmitting shaft at the 
sending end. As the line relay at. the receiving end 
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operates in accordance with these signals, in order to 
select any one of the five selecting magnets in the 
printer, the receiving brush arm must pass over the 
corresponding receiving segment at the same time that 
a marking impulse is sent over the line and the line 
relay tongue is resting against its marking contact. 

When the transmitting station stops sending, the 
receiving brush arm is held stationary by a magnet. 
At the beginning of each’ set of signals, a start impulse 
precedes the first selecting impulse and operates this 
magnet thereby releasing the receiving brusharm. The 
five selecting impulses follow and the proper selecting 
magnets are operated successively as the brushes pass 
over the receiving segments. 

These fundamental features apply to all three systems 
but the method by which line signals are transmitted 
from the sending station and interpreted at the receiv- 
ing end is quite different in each system. 


MorkruUM ‘‘'GREEN CODE”’ SYSTEM 
Fig. 3 shows a Morkrum terminal set. The perfo- 
rator is shown at the right and the printer at the left 
with the transmitter and distributor between them. 
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Transmission. Fig. 4 is a schematic wiring diagram 
of the circuits involved in transmitting signals over 
the line. 

The tape that is prepared by the perforator is fed 
through the transmitter and is stepped forward once 
for each revolution of the transmitting brush arm, 
Fig. 4, in the distributor. Fig. 5 shows the tape- 
feeding mechanism. When the contact A B, in the 
distributor, is closed, the transmitter magnet moves 
lever AC clockwise about its pivot A D and feeds 
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Fig. 4—Scuematic Wirinc Diacram or TRANSMITTING 
CIRCUITS 


the tape forward. When the transmitter magnet is 
de-energized it allows the tape pin contact levers A EF 
to move counter-clockwise about their pivot point A D 
until the pins A F' reach the level of the tape. Ifa 
pin is blocked by the tape tke contact tongue AG 
remains against its spacing contact. If the perforations 
in the tape permit a pin to go through the tape, how- 
ever, the corresponding contact tongue AG moves 
over against its marking contact. There are five pins 
AF and five contact tongues AG and each contact 
tongue is connected to a segment on the transmitting 
commutator. Consequently when the transmitter 
magnet is de-energized each segment will be connected 
to marking or spacing battery according to the per- 
forations in the tape. Segment A H is permanently 
connected to marking battery and segment AJ is 
permanently connected to spacing battery. As the 
transmitting shaft A A revolves, the brush first sends 
a spacing signal which is called the start impulse and 
then the selecting impulses in accordance with the 
code combination set up in the transmitter. 

The speed may be set so that transmission is carried 
on at any desired rate from 40 to 65 words per minute. 

For every revolution of the transmitting shaft, 
eight impulses are sent to the receiving station. Two 
are for synchronizing purposes, one is for sending a 
bell signal to the distant station without interfering 
with the message being transmitted, and five are for 
selecting purposes. Communication is therefore car- 
ried on at a line frequency of eight units or 4 cycles per 
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character. Sixty words per minute represents a line 
frequency of 24 cycles per second. 

The transmitting shaft is not stopped after each 
revolution but continues to revolve until transmission 
is stopped by the raising of the arm A Rh. Normally 
when the transmitter cam contacts A B are closed, 
current flows through both windings of the differentially 
wound auto-stop relay A K. The transmitter magnet 
is therefore operated but as the current flows through 
the auto-stop relay windings in opposite directions, 
the latter will not be operated. If, however, the auto- 
stop arm A R is lifted and the transmitter cam contacts 
closed, current will flow through the transmitter 
magnet and through only one winding of the relay. 
This operates both the transmitter magnet and the 
relay— the relay locking itself in the operated position. 
The transmitter magnet remains energized until the 
auto-stop arm is again lowered. During this time the 
pins are held down and transmission of code combina- 
tions is stopped, but the transmitting brushes continue 
to revolve, sending out starting impulses once every 
revolution. 

If for any reason, it is desired to repeat a character 
a number of times the switch A L may be opened, 
thereby opening the circuit to the transmitter magnet 
and allowing the tape to remain stationary with the 
proper marking and spacing battery combination set 
up at contact tongues A G. Inasmuch as the tape is 
not stepped forward, the same character is sent over 
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Fig. 5—Tapr-Freping MECHANISM 


and over again as long as the switch A L remains open 
and the brush arm continues to revolve. 

In order to signal quickly to the distant station an 
extra segment A M (Fig. 4) is provided on the trans- 
mitting commutator. When the break key is held 
down, marking battery is connected to the segment A M 
and a marking impulse is sent over the line immediately 
after the start impulse. This impulse operates a bell 


at the receiving station in a manner which will be 
described later. 
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Reception. Fig. 6 shows the manner in which the 
recelving units are connected electrically. 

The brush arm A N is mounted on a sleeve together 
with the start magnet cam A S the break circuit cam 
A P and the stop cam AT. A motor drives this 
sleeve through a clutch, at a speed slightly higher than 
the speed of the transmitting shaft at the sending end. 
This increased speed is compensated for by delaying 
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the brush arm after each character sufficiently to keep 
, the sending and receiving stations in step. 

Normally the brush arm is held stationary by the 
start magnet A U with the start magnet contact A V 
closed. When transmission is started a spacing impulse 
precedes the bell and selecting impulses, a circuit is 
completed through the spacing contact of the line 
relay, the start magnet is operated, and the brush arm 
is released. After the brush arm is released it revolves 
at a rate of speed slightly higher than that of the trans- 
mitting brush arm but the distance from center to 
center of the receiving segments is such that the 
time required for the brushes to pass from the center 
of one segment to the center of the next is equal to 
the time required for the transmission of one impulse of 
unit length. The brushes therefore, pass over the 
center of the receiving segments durng the middle of 
the incoming impulses. 

Battery is connected to the solid ring of the receiving 
commutator whenever the line relay tongue moves 
over against its marking contact. Each one of the 
receiving segments is connected to a corresponding 
selecting magnet in the printer. If, therefore, the 
brush passes over receiving segment No. 1 while the 
line relay tongue is against its marking contact the 
first selecting magnet will be energized, and similarly 
with the second, third, fourth and fifth selecting 
magnets. As the brushes pass over each segment in 
turn they will or will not carry current to each succes- 
sive selecting magnet according to whether or not 
the line impulse then being received is of marking or 
spacing polarity. 

If-a marking impulse is received directly after the 
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start impulse the line relay tongue will be resting 
against its marking contact as the brushes pass over 
the bell segment B and the break relay AO will be 
operated. This relay in turn operates a bell through 
the bell relay. Attached to the brush arm sleeve is a 
break cam A P which breaks the locking circuit to the 
quick-acting break relay A O just before the receiving 
brushes reach the segment B. If the receiving brushes 
reach this segment before the break key at the trans- 
mitting station is released, the break relay will again 
be operated before the slow acting bell relay has time 
to open the circuit to the bell. Only one bell signal is 
transmitted no matter how long the break key is 
held down. : 

After the brushes pass over the bell segment and 
the five selecting segments they complete a circuit 
through the marking contact of the line relay to the 
sixth pulse relay in the printer. 

The printer, Fig. 7, used with this system, prints 
from a typewheel, which rotates to the proper letter 
and is then thrown forward against the paper. After 
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each letter is printed the typewheel itself is stepped 
to the right, the paper remaining stationary, and at 
the end of each line of printing the paper is moved 
upward. 

When a selecting magnet is energized, a disk or 
interference plate is rotated as shown in Fig. 8. There 
are four interference plates controlled by the first, 
second, third and fifth selecting magnets. The fourth 
selecting magnet does not move an interference plate 
but operates the fourth-pulse relay which in turn 
decides the direction of rotation of the typewheel. 
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- The arrangement of the five-unit code (Fig. 1) is such 
that there are exactly 16 combinations which contain 
the fourth pulse and 16 combinations which do not 
contain the fourth pulse. The printer is arranged, 
therefore, so that whenever a code combination con- 
taining the fourth pulse is received, the typewheel 
revolves counter-clockwise and when a code combina- 
tion that does not contain the fourth pulse is received 
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the typewheel revolves in a clockwise direction. The 
degree of rotation of the typewheel, for any letter, 
is a fraction of one-half of a revolution of the typewheel 
in either direction depending on the character selected. 

After the interference plates are moved, the sixth- 
pulse relay (Fig. 9) is operated and supplies battery 
to the drum magnet. When the drum magnet is 
energized it pushes a set of stop pins against the inter- 
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ference plates. These plates (Fig. 10) are cut out 
in such a way that only two pins are allowed to go 
through all four plates at any one time. 

If the letter “E”’ for instance is selected, the first 
interference plate is moved and the operation of the 
drum magnet pushes two pins through the interference 
plates. These pins A Y and AZ, are on opposite 
sides of an index arm A W which is connected to the 
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typewheel by means of the square shaft A X. Inas- 
much as the ““E” code combination does not contain the 
fourth pulse, the fourth-pulse relay will not be operated 
and the operation of the sixth-pulse relay will connect 
battery to the wpper set of rotating magnets thereby 
rotating the typewheel clockwise until the index arm 
AW strikes the pin AY. If, however, the letter 
“D” is selected, not only the first selecting magnet 
but also the fourth selecting magnet is energized 
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thereby operating not only the first interference plate 
but also the fourth-pulse relay. In this case the same 
pins are pushed through the interference plates as ‘for 
the letter “EK” but in the case of the letter “D” 
selection, the operation of the fourth-pulse relay 
directs battery to the lower set of rotating magnets, 
when the sixth-pulse relay is operated. The typewheel 
is then rotated counter-clockwise until the index arm 
strikes the pin A Z. 
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When the pins are pushed through the plates a 
contact A B EF (Fig. 9) is closed and the reset magnet 
(Fig. 8) is operated. The operation of the reset magnet 
restores the trip rods A B D and closes the reset contact 
(Fig. 9). When the reset contact is closed a circuit 
is completed through the print relay contacts and the 
striker and space magnets are energized. The opera- 
tion of the space magnet (Fig. 11) compresses a spring 
ABA which in turn spaces the typewheel carriage 
forward when the space magnet is released. The 
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striker magnet throws the typewheel against the platen 
thereby printing the selected character and opening 


the mechanical main break contact. The opening 


of the main break contact (Fig. 9) breaks the locking — 


circuit to the sixth-pulse relay, and as the current to 
all of the magnets is routed through the sixth-pulse relay 
contact, battery is disconnected from the drum magnets 
the rotating magnets, the striker magnet and the Space 
magnet. The typewheel is spaced one space forward 
and the printer is again ready to gothrough the same 
cycle of operationsf or the next selected character. 
Spacing between words, shifting to print figures, 
and the other functions, are controlled by function 
contacts (Fig. 9) located over notches cut in the top 
edges of the interference plates. When the “space” 
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signal is received, for instance, the third interference 
plate is moved and a notch, under the space contact, 
allows the latter to close thereby connecting battery 
to the space magnet through one winding of the cut- 
out relay. When the space magnet is energized, the 
cut-out relay is also operated, closing a circuit to the 
‘main break relay. This relay opens the locking circuit 
of the sixth-pulse relay and disconnects battery from 
the space magnet. During this operation the reset 
magnet and the print relay are operated as usual but 
no printing occurs inasmuch as the circuit to the 
striker magnet is broken through the back contact 
of the cut-out relay. 

On the under side of the typewheel carriage are 
mounted two pawls A BB (Fig. 11) which mesh with 
a fixed rack and a movable rack A BC located directly 
under them. When thespacing magnet isenergized, the 
movable rack is moved to the left so that one of the 
pawls drops into the next tooth on the rack. When the 
spacing magnet is de-energized, the movable rack is 
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returned to its normal position by the spacing spring 
A BA and moves the carriage forward one space. 

When a “carriage return” selection is received, the 
carriage return function contact operates the cut-out 
relay and a carriage return solenoid. This solenoid 
raises a bar located between the two racks, lifting the 
pawls clear of the teeth. The typewheel carriage is 
then drawn to the left for a new line of printing by a 
cord wound around a spring-operated drum. 

When the “figure shift” signal is received, the figures 
magnet is energized through the figures function 
contact and one of the windings of the cut-out relay. 
The figures magnet moves the typewheel upward, 
ready for the printing of numbers.or punctuation marks. 

When the “letter shift’ signal is received the letters 
function contact is closed, thereby operating the letters 
magnet which releases the catch that holds the type- 
wheel in its upper case position. 

When the “‘line feed’’ signal is received, a line feed 
magnet is operated by the line feed function contact: 
and, by means of a pawl and ratchet mechanism, feeds 
the paper upward ready for a new line of printing. 


WESTERN ELEcTRIc “START Stop” SYSTEM 


Fig. 12 shows a Western Electric terminal set. 
The perforator is shown at the right with the printer 
directly behind it and the transmitter is shown at the 
left in front of the distributor. 


Transmission. Fig. 13 is a schematic wiring diagram 
of the circuits involved in transmitting signals over 
the line. ; 

The Western Electric system is equipped for either 
direct keyboard or perforated tape operation and may 
be operated at any desired speed from 40 to 65 words 
per minute. 

The tape that is prepared when the perforator is 
used is fed through the transmitter and is stepped 
forward once for every revolution of the transmitting 
brush arm B B in the distributor. Fig. 14 shows the 
tape feed mechanism. When the brushes pass over 
the transmitter segment BC (Fig. 18) the transmitter 
magnet (Fig. 14) moves lever B D about its pivot BE 
and feeds the tape forward. 

When the transmitter magnet is de-energized, the 
tape pins B F move upward until the tops of the pins 
reach the level of the tape. Ifapin is blocked by the 
tape the contact tongue B G remains against its spacing 
contact. If the perforations in the tape permit a pin 
to go through the tape, the corresponding contact 
tongue B G will move over against its marking contact. 
There are five pins B F and five contact tongues BG 
and each contact tongue is connected to a sending 
relay (Fig. 13). Consequently when the transmitter 


. magnet is de-energized and battery is applied to the 


marking contacts, the proper sending relays will be 
energized according to the perforations in the tape. 
Whenever a sending relay is energized, it closes a 
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circuit to the corresponding transmitting segment and 
a locking circuit holds the relay operated. — 

To send a marking impulse, the line is closed, and 
to send a spacing impulse the line is opened. Seg- 
ments B H and B J are wired so that when the brushes 
pass over segment B H the line will be closed and when 
they pass over segment BJ the line will be opened. 
As the transmitting brushes revolve they first send out 
a spacing signal which is called the start impulse and 
then the selecting impulses in accordance with the 
code combination set up in the sending relays. 

In order to send positive and negative impulses to 
the receiving station, a pole-changer may be operated 
from the transmitting segments. The signals are then 
sent over the line from the pole-changer. 

For every revolution of the transmitting brushes, 
seven impulses are sent to the receiving station. Two 
are for synchronizing purposes and five are for selecting 
purposes but one of the synchronizing impulses is 
longer than the other. Communication is therefore 
carried on at a line frequency of between seven and 
eight units or between three and one-half and four 
eycles per character. Sixty words per minute 
represents a line frequency of a little over 21 cycles 
per second. 

The transmitting brush arm BB is stopped once 
every revolution but is almost immediately released 
provided the tape control lever contact is closed. 
If, however, the tape control lever contact is open when 
the local brushes B L reach the segment B K, the cir- 
cuit to the start relay will be open and the start magnet 


will not be operated. The brush arm will then come 
to rest so that the transmitting brushes rest on the 
segment B H thereby closing the line until transmission 
is again started. 

When the tape control lever contact is again closed 
it completes a circuit through the local segment BK 
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to the start relay and starts transmission. The start 
relay in turn operates the start magnet, the transmitting 
brush arm is released and circuits to the sending relays 
are closed through the marking contacts in the trans- 
mitter. 

When the local brushes leave the segment B K, the 
locking circuit to the start relay is broken, the start 
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relay is de-energized and the circuit to the marking 
contacts in the transmitter is broken. During the 
time that the start relay is energized the selection is 
transferred from the transmitter to the sending relays 
ready to be sent to the receiving station one impulse 
after the other as the transmitting brushes pass over 
segments Nos. 1, 2, 3, 4 and 5. 

Directly after the circuit to the marking contacts 
in the transmitter is broken the local brushes pass over 
segment BC operating the transmitter magnet and 


stepping the tape forward so that the next character 


in the perforated tape is presented above the pins. 


If it is desired to repeat a character a number of times 
the switch BT may be operated to open the circuit 
to the transmitter magnet. Inasmuch as the tape is 
not stepped forward, the same character is sent over and 
over again as long as the switch B T remains open and 
the brush arm continues to revolve. 
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After the fifth selecting impulse is sent, the local 
brushes pass over segment BN and the lockout relay 
is energized. The operation of this relay breaks the 
locking circuit to the sending relays and the relays are 
de-energized. 


As long as the tape control lever contact remains. 


closed, the start relay and start magnet will be energized 
whenever the local brushes pass over the segment 
BK and the transmitting brush arm will therefore 
continue to revolve. 

With direct keyboard operation the circuit to the 
transmitter magnet remains open and the selection 
that is set up on the selecting contacts in the perforator- 
transmitter, whenever a key lever is depressed, is 
transferred directly to the sending relays. From that 
point the operation of transmitting a character is 
practically the same as that described above. 

In order to prevent sending a second selection to the 
sending relays before the first selection is sent over the 
line the common return wire from the keyboard select- 
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ing contacts is routed through the back contact of the 
keyboard relay which is in series with the locking 
circuit for the sending relays. When the sending 
relays are de-energized, by the operation of the lock- 
out relay, the back contact of the keyboard relay is 
again closed permitting the next selection to be sent 
from the selecting contacts to the sending relays. 

With keyboard operation a contact that is closed by 
the operation of the keyboard relay takes the place 
of the tape control lever contact described above. 
The transmitting brush arm stops, therefore, after 
every revolution and remains stationary until a key 
lever is depressed and the keyboard relay is operated. 

Reception. Fig. 15 shows the manner in which the 
receiving units are connected electrically. 

The light brush arm is clutch-driven and the speed 
of the shaft that drives the brush arm is the same as the 
speed of the transmitting brush arm at the sending end. 
When the start impulse is received the receiving brush 
arm is released and revolves at the same speed as the 
transmitting brush arm. 

Normally the brush arm is held stationary by the 
start magnet with the local brushes resting on the 
start segment BQ. When the receiving brushes are 
at rest and the line is opened battery is supplied to the 
start magnet through the back contact of the line relay 
and the brush arm is released. 

When the line is closed battery is connected to the 
segment B P through contacts on the line relay, and 
when the line is opened battery is cut off. If the line 
is closed, therefore, when the receiving brushes pass 
over segment No. 1, the first selecting relay will be 
energized and similarly the second, third, fourth and 
fifth selecting relays. As the brushes pass over each 
segment in turn they will or will not carry current to 
each successive selecting relay according to’ whether 
the line is closed or open at that particular instant. 

After the brushes pass over the five selecting seg- 
ments a local circuit is completed through segment 
BR and segment No. 6 to the sixth-pulse relay in the 
printer and the brush arm is again stopped by the 
start magnet armature. 

The printer, Fig. 16, is of the movable-carriage 
type where the paper that receives the message is 
moved one space to the left after each character is 
printed. Printing is accomplished by pushing the 
paper against a type wheel which revolves in one 
direction on a vertical shaft and which may be raised 
or lowered for printing upper or lower case characters. 
This printer is described in J. H. Bell’s Institute paper 
on printing telegraph systems and therefore needs 
no further mention. 


KLEINSCHMIDT SYSTEM 
Fig. 17 shows a Kleinschmidt terminal set. The 
perforator is shown at the right and the printer at 
the left with the transmitting and receiving distributors 
between them. 
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Transmission. Fig. 18 is a wiring diagram of the 
circuits involved in transmitting signals over the line. 
The transmitting mechanism is entirely mechanical 
and is like that of a Wheatstone transmitter. 

The tape that is prepared by the perforator is fed 
through the transmitting distributor and is stepped 
forward by means of the cam H and the pawl J, once 
for every half revolution of the transmitting shaft A 
(Fig. 19). For every revolution of the transmitting 
shaft two characters are sent over the line. 

The transmitting cam shaft A is motor-driven 
through a friction clutch at any desired speed’ from 40 
to 80 words per minute. As the shaft A revolves, 
the cam B moves lever C about a pivot D allowing the 
spring E to draw the pin F upward. If a hole in the 
perforated tape presents itself above the pin F’, the 
latter pin will pass through the tape and the contact 
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tongue G will move over against its negative or marking 
contact as shown. If, however, the pin F' is blocked 
by the tape, the contact tongue G will remain against 
its positive or spacing contact as illustrated in Fig. 20. 
Six cams B, six levers © and five pins F' are located 
one behind the other and operate in succession. 

The contact tongue is connected directly to the line. 
Positive and negative impulses are therefore sent over 
the line as the five pins F’ move upward, one after the 
other, and are blocked or are not blocked in accordance 
with the perforations in the tape. 

At the beginning of every character one of the cams 
on the transmitting shaft A actuates a train of mech- 
anism similar in every respect to that described above, 
except that no vertical pin F is included. At the begin- 
ning of each character the transmitting tongue moves 
to the right and sends out a marking impulse.- This 
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impulse is followed by the five selecting impulses and 
then a spacing impulse. 

For every character transmitted, therefore, seven 
impulses are sent to the receiving station. ‘Two are 
for synchronizing purposes and five are for selecting 
purposes. Communication is carried on at a line 
frequency of seven units or three and one-half cycles 
per character. Sixty words per minute represents a 
line frequency of 21 cycles per second. 
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The transmitting cam shaft A is not stopped after 
each character, but revolves constantly, sending out 
one character after another until the sending station 


~ wishes to stop transmission, which may be done at 


any time by moving a lever in the path of a stop arm 
attached to the transmitting cam shaft A. When the 
cam shaft A is stopped transmission ceases although 
the motor continues to drive the friction clutch through 
which the cam shaft is driven. 
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If, for any reason, it is desired to repeat a character 
a number of times, the button O (Fig. 20) may be de- 
pressed so as to hold the pawl J out of engagement 
with the tape feed wheel ratchet. In this way the 
tape will remain stationary and the same character 
will be sent over and over again as long as the trans- 
mitting cam shaft A continues to revolve and the 
button is depressed. 

In order to signal quickly to the distant station, a 
bell signal mechanism is provided as illustrated in 
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Fig. 21. Shaft K is clutch-driven and revolves only 
when the bell handle L is moved to the right. When 
the handle L is moved to the right, and then released 
the shaft K is released and the transmitting cam shaft 
A is stopped during one revolution of the shaft K. 
During this revolution the cam M moves the contact 
tongue G back and forth by means of the levers shown, 
sending the characters “figure shift,” “J,” and “letter 
shift” over the line. Whenever the letter “J” is selected 
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in the printer, while the carriage is in the upper case, 
a bell is rung and no printing takes place. If the bell 
handle L is held over to the right when the shaft K 
completes one revolution the latter will continue to 
revolve sending out'a bell signal to the distant station 
once every revolution as long as the bell handle is 
held over. When the bell handle is released, however, 
the shaft K will be stopped and the transmitting 
cam shaft A will continue its motion. At the beginning 
of each revolution of the shaft K, asmall mechanical 
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bell is operated so that the operator at the sending 
station may know how long to hold the bell handle L 
to the right in order to send out any desired number 
of bell signals. 

Reception. Fig. 22 shows the manner in which the 
receiving units are connected electrically. 

The receiving distributor is entirely separate from 
the transmitting distributor. This necessitates two 
motors, but with this arrangement transmission may 
be carried on in opposite directions at different speeds 
and accurate speed adjustments are not necessary. 
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The light brush arm N is clutch-driven at a speed 
slightly faster than the speed of the transmitting cam 
shaft at the sending end. This increased speed at the 
receiving station is compensated for by delaying the 
brush arm, after each character is received, sufficiently 
to keep the sending and receiving stations in step. 
Normally the brush arm is held stationary by the 
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start magnet armature with the brush resting on the 
start segment and the relay tongue held against its 
spacing contact. When a character is received a 
marking impulse precedes the first five selecting im- 
pulses and a circuit is completed through the marking 
contact of the line relay, the start magnet then is 
operated and the brush arm released. 
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Positive battery is connected to the solid ring of the 
receiving distributor and the marking contact of the 
line relay is in series with the common return wire 
for the selecting magnets and the start magnet. Hach 
one of the selecting magnets in the printer is connected 
to a corresponding receiving segment. If, therefore, the 
brush passes over receiving segment No. 1 while the line 
relay tongue is against its marking contact, the first 
selecting magnet will be energized and similarly the 
second, third, fourth and fifth selecting magnets. As 
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the brushes pass over each segment in turn they will 
or will not carry current to each successive selecting 
magnet according to whether or not the line impulse 
then being received is of marking or spacing polarity. 
After the brushes pass over the five selecting seg- 
ments they pass over a sixth-pulse segment, completing 
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a circuit through the sixth-pulse magnet in the printer 
and then again come to rest on a start segment. 

The printer, Fig. 23, is a type-bar printer of the 
movable-paper carriage type similar to a standard 
typewriter. The paper is moved to the left after each 
character is printed and is fed upward at the end of 
each line of printing. 
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When a selecting magnet is energized its armature 
lifts a pawl P (Fig. 24) in the path of a selector bar and 
a latch Q locks it in this position. Five pawls P 
are located on a bar that is moved by the sixth-pulse 
magnet. When the selection is stored up in the pawls 
on this bar, the sixth-pulse magnet is operated and the 
pawls that were lifted move the corresponding selector 
bars to the right. 
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Each type-bar (Fig. 25) is connected to a pull-bar 
mounted directly above and at right angles to the 
selector bars. When one or more of the selector bars 
is moved to the right a slot is presented under one of 
these pull-bars and the selected pull-bar drops so that 
a hook on the under side of the pull-bar is in the path 
of an operating bail R. This bail is moved by an 
operating solenoid whenever a pull-bar drops into a 
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slot in the selector bars. In this way the selected 
type-bar is thrown upward and the proper character 
is printed. 

Spacing after every letter is provided for by means 
of a spacing solenoid which is energized whenever a 
type-bar moves upward. Spacing between words is 
accomplished in a similar manner except that the type- 
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bar selected does not carry any type and therefore does 
not print. 

On the back of the carriage a rack (Fig. 26) is 
mounted which meshes with a gear on top of a vertical 
shaft. The spacing solenoid turns the ratchet on the 
bottom of this vertical shaft, the motion being trans- 
mitted to the carriage by means of the vertical shaft, 
and the carriage is thus stepped forward after each 
character is printed. The spacing ratchet is not 
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‘rigidly attached to the vertical shaft, however, but 
drives it through a clutch (not shown). A carriage 
return spring is wound up as the carriage is spaced 
along and exerts a force on the vertical shaft tending 
always to return the carriage to the beginning of a 
new line of printing. When the clutch is in its normal 
closed position this force is held in check by a retaining 
pawl acting against the spacing ratchet. When the 
“carriage return’ signal is received, the “carriage 
return” pull-bar drops into its notch in the selector 
bars and a contact is closed, thereby operating a 
carriage return magnet which disengages the clutch. 
The spring on the vertical shaft is released from the 
restraining action of the retaining pawl and returns 
the carriage to the beginning of a new line of printing. 
When the carriage reaches this position it opens the 
locking circuit to the carriage return magnet and the 
clutch is returned to its normal closed position, again 
connecting the spacing ratchet to the vertical shaft. 

The various other functions are either performed 
mechanically directly from the pull-bars or are operated 
by means of solenoids controlled by the pull-bars. 

When the “‘figure shift” signal is received, for instance, 
the ‘‘figure shift’? pull-bar drops into its notch in the 
selector bars and a contact is closed thereby energizing 
the shift solenoid. The latter then lifts the front end 
of the carriage and a latch holds it in its shifted position 
so that figures or punctuation marks may be recorded. 
When a “‘letter shift”’ signal is received and the “‘letter 
shift’? pull-bar is moved forward by the operating 
bail the latch is released mechanically and the carriage 
drops back to its normal position. 

A ratchet that is operated by a pawl is mounted on 
the platen around which the paper is fed. This pawl 
is attached to a bail extending the length of the carriage 
and is operated by the line feed solenoid. When a 
“line feed’? signal is received, the operation of the 
proper pull-bar energizes the line feed solenoid and the 
paper is therefore moved upward a distance of one line 
space to the next line of printing. 


NOTES FROM THE BUREAU OF 
STANDARDS 


STANDARDIZATION OF DRY CELLS 


An important meeting was held at the Bureau of 
Standards in December at which the standardization 
of sizes and specifications for dry cells was considered. 
Manufacturers of about 95 per cent of the flashlight 
batteries and dry cells, as well as many of the Govern- 
ment departments and other users, were represented 
at the meeting. . 

This conference has grown out of some important 
work carried out by the Bureau in 1918. When the 
war was in progress, it was important to eliminate so 
far as possible unnecessary sizes of articles and also 
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to buy them according to specifications. This was 
particularly true in the case of batteries of which large 
numbers were required by the army and navy. 

In cooperation with the War Industries Board, 
the Bureau of Standards prepared a list of standard 
sizes and specifications governing many types of dry 
cells. After the war when the restrictions imposed by 
the War Industries Board were removed, many of the 
manufacturers felt it necessary again to take up the 
production of a large number of sizes of cells many of 
which are not in very general use. 

The conference considered 17 sizes of dry cells an 
standardized 7 of these sizes. It considered 30 differ- 
ent sizes and kinds of flashlight batteries and adopted 
8 of these as standard sizes. Two sizes for use with 
radio apparatus were standardized. It is expected 
that the elimination of many sizes for which there is 
little demand and which will no longer be considered 
as standard will result in considerable saving in the cost 
of manufacture and increase the convenience of the 
public who buy these batteries to the extent of approxi- 
mately 150,000,000 per year. In addition to the stand- 
ardization of sizes, the conference standardized the 
performance for the sizes which were accepted. 

The Bureau was requested to make a revision of 
its specifications for dry cells in conformity with the 
standards as adopted by the conference. 


REVISION OF SPECIFICATIONS FOR INCANDESCENT 
LAMPS 

Recently conferences were held with representatives 
of the General Supply Committee and several lamp 
companies in connection with the revision of specifi- 
cations and proposals for supplying lamps under 
government contract for the next fiscal year. In 
general, a consistent effort is being made to eliminate 
from the schedules all special lamps. 

The lamps formerly classified under the 110- and 
125-volt range have all been grouped in four voltages, 
namely 110, 115, 120, and 125, and similarly lamps of 
220-volt range have been grouped into 10-volt steps. 
This is in conformity with the best commercial prac- 
tise, and some pressure has been brought to bear upon 
other departments to change circuits which are now 
operated at other voltages, so as to use even 5- or 10- 
volt steps. The 20- and 60-volt groups which have 
been carried for a number of years, will be cut out 
next year. A number of older sizes, such as the 100- 
watt vacuum lamp, which has been superseded by 
gas-filled lamp of corresponding size at no greater 
cost, will also be eliminated. Some newer lamps 
such as the blue-bulb, daylight types, will be inserted 
in the schedules. The arrangement of decorative, 
signal, and switchboard lamps has been changed to 
make the schedules more intelligible for purchasing 
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It has been appreciated for many years that the presence of moisture in the soil surrounding underground cable 
was of assistance in dissipating the heat generated within the cable. But little was definitely known, however, of the 


exact changes in the thermal conductivity of soils caused by the presence of moisture. 
The relative thermal, conductivity of various types of perfectly dry sotls, such as 


moisture plays a predominant part. 


The following article shows that 


sand, clay, gravel, etc., covers a range from only one to two, while the addition of moisture increases the range to 


five times or more that of dry soils. 


The article also includes a bibliography on the heating of underground cables, giving reference to 59 papers on the 


subject in English, French and German. 


\\ 7 ITHIN recent years numerous ways have been 

suggested of working underground cables at in- 

creased load capacities. Some of the most 
promising methods have been: 

(a) To decrease the temperature coefficient of di- 
electric energy loss by improving the quality of the 
insulation in high tension cables, thus allowing the 
cables to be safely worked at higher temperatures. 

(b) To use a blackened sheath, consequently obtain- 
ing a better surface radiation to the duct air. 

(c) To use forced ventilation of the duct air. 

(d) To fill up the air space in ducts with water, com- 
pound, etc. In fact, anything that offers better heat 
conduction than still air. 

(e) To carry away the heat by circulating water 
either directly through the ducts or through piping laid 
in the empty spaces of the ducts. 

(f) To keep the surrounding soil thoroughly soaked 
with water, especially at hot spots, by laying porous 
tile piping just over the conduit. 

(g) To use very porous ducts in conjunction with a 
porous pipe through the center of conduit cross- 
section so that water would gradually seep through 
and in rapid evaporation to the surrounding dry soil 
carry away a large part of the heat. 

(h) To avoid all sources of external heat such as 
steam mains or undue absorption of sun rays. In 
this particular, the black surface of asphalt streets 
when fully exposed absorbs a great deal of heat from 
the sun. 

(i) Lastly, and most important of all, to study care- 
fully each individual conduit system and determine 
where the hot spots are and at what period of the year 
they need the closest watching. By some one or a 
combination of the above methods the heating at 
hot spots can be brought down to correspond uniformly 
with the rest of the conduit length. 

The heat conducting path is a series path through 
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the cable insulation, duct air, duct walls, concrete 
shell (if any) and finally into the surrounding soil. 
Obviously, the relative temperature drops through the 
different sections of the series path will determine 
the effectiveness of the above cooling methods. For 
instance, if the greater part of the temperature drop 
occurred from copper to outer surface of duct walls, 
or concrete, there would be little gain in saturating 
the surrounding soil with water. Some other method 
would then have to be used, such as outlined in sub- 
heading (c) or (e). 

Fortunately, it is now fairly well established that 
in the average well constructed conduit line a very 
appreciable part of the total temperature drop, espe- 
cially at hot spots is in the surrounding soil. Anything 
that increases the thermal conductivity of this soil is 
therefore worth considering. It is the purpose of 
this article to describe some thermal conductivity tests 
made on soils containing different percentages of mois- 
ture and to compare the results with those of other 
investigators. 


Two previous investigators have published results 
of interest.!. With dry sand and soils the agreement 
between their thermal conductivity values is good but 
there is a very great difference with wet sand and soils. 
Kennelly found that the thermal conductivity of wet 
sand was 2.4 times that of dry sand and that the ther- 
mal conductivity of wet sandy soil was only 1.3 times 
that of dry sandy soil. Teichmuller, on the other 
hand, found a corresponding ratio for sand of 5.2 to 1. 
Now, it is apparent that if Kennelly’s results are cor- 
rect artificial soaking of soil would not prove a very 
effective means of cooling. Tiechmuller’s results are 
much more encouraging. Our work was undertaken 
to determine why there was such a large discrepancy 
in their findings and, in particular, to make a closer 
study of moisture effects. 


1. “Heating of Copper Wires,’ Kennelly and Shepard, A. 
I. E. E., Vol. 26, 1907, pp. 969-995. 

2. “Heating of Cables,’ Teichmuller and lakbhonkyn, 19) 
June, 1906, p. 579. 


SUMMARY OF RESULTS 


Profiting by the experience of the above investi- 
hae we were able to design our apparatus and con- 
ne tests in a way that promised reasonably satis- 
actory returns. Before going into the detailsa summary 
will be given and a comparison made with the work 
of Kennelly and Teichmuller. 

Thermal Conductivity of Sand. We first made a 
laboratory study of a representative unsifted builders 
sand. It was neither coarse nor fine but of medium 
texture and all pebbles of appreciable size were removed. 
When well tamped the amount of moisture required to 
saturate 1t completely was more than 15 per cent by 
weight but the sand would not hold this moisture 
long enough for test purposes, allowing some of it to 
drip gradually out of the test cylinder. From 9 to 10 
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Fig. 1—TuHprMaL ConpductTiviry oF Buriupprs Sanp 


The curves represent the thermal conductivity of four samples of sand 
having respectively 9 per cent, 4.2 per cent, 1.6 per cent and 0.15 per cent 
of water by weight.. The unit of thermal conductivity is defined as the 
watts flow of heat per square cm. per one deg. cent. temperature drop per 


cm. length. 
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per cent moisture by weight seemed to be the highest 
practicable amount. Teichmuller also found this to 
be true but Kennelly gives test data with 12. 7 per cent 
moisture for a fine sifted quartz sand, mesh 0. 25 mm. 
The much finer texture of his sand no doubt held the 
moisture better than the coarser sand weused. The 
practical lesson learned from this is that sand of the 
ordinary kind surrounding conduit lines cannot be 
expected to hold more than 10 per cent moisture with- 
out draining due to gravity unless water is continuously 
supplied either naturally or artificially. 

After preliminary trials and checks of accuracy 
the curves given in Fig. 1 were taken on the builders 
sand described above. Each point on these curves 
represents a continuous run of about 24 hours. It 
required three months to complete the set of curves in 
Fig. 1 alone. The entire work extended over a period 
of more than one year. The water-jacketed cylinder 
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used in this work is illustrated in Fig. 2 and wi 
_this : ll 
dealt with in detail later. z NAD a 


Fig. 2—Apparatus Usrep ‘In DerermMINATION oF THERMAL 


ConDvUCTIVITY OF SOILS 
The near end of the tube is open for the removal of the soil sample. 
The felt, and the ring, which holds it in place over the end of the tube, are 
shown hanging on a bolt just under the brass tube. The wood plug 
which fits in the end of the tube is shown on the corner of the table beside 
the contact-making voltmeter. Tests were made with tube in a vertical 
position. 
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Fic. 3—CompartIson OF THERMAL CONDUCTIVITY OF SAND AND 
Sor as MrasuRED BY THREE DIFFERENT INVESTIGATIONS 


(a) Clean yellow builders sand. (Author.) 
(b) Fine white quartz sand, mesh 0.25 mm. 
(c) Clean yellow sand. (Teichmuller.) 

(d) Curve (c) reconstructed. 

(e) Yellow sand clay soil. (Author.) 
(f) Fine sandy soil. (Kennelly.) 

(g) Normal or average sandy soil. 


(Kennelly.) 


(Teichmuller.) 


The values in Fig. 1 were averaged and plotted as 
a thermal conductivity vs. per cent moisture curve in 
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Fig. 3 (see curve “‘a’’). Now let us compare this curve 
with similar curves. for sand obtained by Kennelly 
and Teichmuller. Kennelly used a fine grain quartz 
sand sifted through a 0.25 mm. mesh. His curve is 
given as (b) in Fig. 3. It would be expected, as will 
be shown later, that this curve should show slightly 
lower thermal conductivity than (a) because of the 
finer grained sand. With low moisture content (from 
0 to 2 per cent) the agreement between (a) and (b) 
is reasonable but at higher percentage moisture the 
curves rapidly diverge. 

Teichmuller used an ordinary sand, presumably 
similar to ours. His curve is given as (c). The ther- 
mal conductivity values agree almost exactly with ours 
at extremely low and high moisture contents. His 
intermediate value of 4.2 per cent is much higher 
however, giving his curve a different shape. The fact 
that the disagreement in only with the intermediate 
percentage of moisture content is significant in the light 
of our experience. We had a great deal of trouble 
in obtaining reliable data over this intermediate range 
of moisture content. The moisture had a tendency to 
migrate in the test tube, accumulating at one section and 
leaving another dry. These unstable conditions caused 
inaccuracies that were overcome only after several 
trials and a close study of ‘‘cause and effect.” 

If the 4.2 per cent moisture point on Teichmuller’s 
curve (c) is ignored a curve can be constructed through 
the remaining two points that almost coincides with 
our curve (a). This reconstructed curve is shown in 
broken line as (d). 

Thermal Conductivity of Clay Soil. After the meas- 
urement on builders sand were completed we tried a 
well pulverized yellow clay sub-soil but soon found 
it had a tendency to dry and cake around the heated 
inner tube because of the high temperature gradient 
here. The clay would “bake out” and cake at tem- 
peratures as low as 50 deg. cent. with a considerable 
decrease in its thermal conductivity. This same 
characteristic has been noted in the clay surrounding 
duct lines that have operated at relatively high tem- 
perature. 

A mixture of 2/3 clay and 1/3 builders sand was then 
tried. This also had a tendency to cake in some 
instances but on the whole we were able to obtain some 
very satisfactory measurements. These are given in 
Fig. 4. The maximum percentage of moisture tried 
was 15 per cent by weight. The finely divided sandy 
soil seemed to hold moisture much better than the pure 
sand used in the first test, allowing this higher moisture 
content. The saturation point was higher than 18 
per cent. A lower percentage of water was used to be 
on the safe side and to avoid instability of results by 
leakage of water during test. 

The condition of. the soil, the percentage and dis- 
tribution of moisture, etc. were noted before and after 
each run. During the runs with 0.89, 3.87 and 15.0 
per cent moisture all conditions remained quite stable 
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throughout, but the run with 8.5 per cent moisture 
was disappointing. The moisture migrated to the 
outer radius of the tube leaving a dry shell of soil 
surrounding the inner heated tube. This point was 
therefore ignored in drawing curve (e) in Fig. 3. As 
can be seen from the curve the migration of moisture 
had the effect of lowering the 8.5 per cent point of 
thermal conductivity from 0.0056 to 0.00335 watt 
flow of heat per square cm. per one deg. cent. tempera- 
ture drop per cm. length. (In brief, watts/cm.*/one 
deg. cent). 

Kennelly’s curve for sandy soil is given as curve (f) 
in Fig. 3. It shows hardly any difference between dry 
and saturated soil and is likewise much lower in thermal 
conductivity than our curve (e). Curve (f) is similar 
in form to his curve for sand (b) and the relative pro- 
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The curves represent the thermal conductivity of four samples of soil 
having respectively 15 per cent, 8. 5 per cent, 3.87 per cent and 0.89 per 
cent of water by weight. The unit of thermal conductivity is defined as 
the watts flow of heat per square cm. per one deg. cent. temperature drop 
per cm. length. 


portions of these two curves fall in about the same order 
as our curves (a) and (e). 

Teichmuller published only one measurement on a 
soil which he designates as “normal” or “average” 
soil. It is presumably an average sandy clay soil such 
as usually found in trenching or excavating. His one 
measurement was made with 12 per cent moisture in 
the soil and using this as a guide we have drawn in a 
short section of curve (g) in Fig. 3 to show how closely it 
can be made to agree without corresponding curve (e). 

On the whole, our results and Teichmuller’s agree 
satisfactorily. We do not claim absolute accuracy for 
these results but when the conditions of test are care- 
fully considered it would seem that they are more 
accurate than Kennelly’s. All three investigators 
followed similar methods in that they made use of 
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Concentric cylinders with the soil packed in between 
The mner cylinder served as the source of heat and the 
outer was water-jacketed. End effects were corrected 
for in all cases. The real difference lay in the cross- 
sectional dimensions of the cylinders. These dimen- 
sions are tabulated below: 


TABLE I 
Length of Diam. outer Diam. inner 
: outer tube tube cylinder 
Investigator Ft. In. In 
Kennelly DRS A SES Ee 9.1 3.06 0.128 & 0.045 
Meichmullersas. eo... 12.5 7.90 2.05 
PANTGN OLS: Reactors cin tinn e 7.0 6.00 1.00 


In an investigation of this type the cross-section of 

soil tested is relatively small and because of this the 
-aim should be to assure; 

(1) That there is always good contact between the 
surfaces of the soil and test terminals and that the 
soil remains well packed. 

(2) That the moisture in the soil remains uniformly 
distributed, especially around the inner cylinder. 

(3) That the area of surface contact between soil 
and inner cylinder be a maximum, consistent with a 
reasonable volume of soil and diameter of outer cylinder. 

(4) That the ratio between the diameters of outer 
and inner cylinders be a minimum, consistent with 
above conditions, thereby reducing the temperature 
gradient around the inner cylinder. 

An examination of the dimensions in Table I will 
show that the test cylinders used by Teichmuller and 
the author fulfilled these conditions while Kennelly’s 
did not. As inner cylinder Kennelly used a wire of 
0.128-in. diameter. He checked this with a still 
smaller wire of 0.045-in. diameter and found that they 
gave the same results. The reason for this is easily 
explained. The high temperature gradient in the 
soil immediately surrounding the wires forced the mois- 
ture towards the outer cylinder, leaving a shell of dry 
soil around the wires. In both cases, then, he actually 
measured the thermal conductivity of an inner shell 
of dry soil and outer shell of moist soil, and since the 
inner shell plays the predominating part his measure- 
ments are more representative of dry soil ‘than wet. 
His measurements on well dried sand and soils are 
more acceptable and agree quite well with those made 
by the other two investigators as shown in Table II. 


TABLE II 
Thermal Conductivity of Dry Sand, Soil, etc. 


Investigator 


Material Author Teichmuller | Kennelly 
Clean yellow sand.......--.-- 0.00305 0.00310 7 
Clean white sand (fine)........ ae ie 0.00256 
Yellow sandy soil...........-- 0.00280 0.00284 
Minersandy SOWA .a<. stele ae 0.00209 
Crushed quartz (mesh 0.85 mm.) 0.00337 
Fine sandy gravel (mesh 0.5 


TEND) ebholotine ean Monon Miu 


0.00290 
Glean gravel. ....02..+.-2---- oe 


0.00436 
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The above tabulation would indicate that the dry 
thermal conductivity is somewhat dependent upon the 
size, shape and arrangement of the particles making up 
the material, or rather upon the volume of air inter- 
spaced with the particles. Coarse grained materials 
such as sand and gravel have better thermal con- 
ductivity than fine grained soil, just the opposite result 
that one might expect, but it isa known fact that within 
certain limits the percentage by volume of air in granu- 
lar materials is inversely proportional to the size of 
the particles. We made no attempt to investigate this 
phase of the problem and it is pointed out simply as an 
interesting side light. 

A comparison of the above tabulation of dry soils 
with the moisture curves in Fig. 3 will show that 
moisture is the predominating factor rather than the 
kind of material. The thermal conductivity of the 
dry soils covers a range from 0.002 to 0.0047 watt per 
em.* per one deg. cent., while the addition of moisture 
caused an increase to 0.017 and would have caused a 
still further increase if the test samples had been 
completely saturated. This would lead to the con- 
clusion that it is immaterial what kind of soil surrounds 
a conduit line except in-so-far as the ability of this 
soil to absorb and retain moisture is concerned. 

The investigation has proved conclusively that the 
presence of moisture in soils is very effective in con- 
ducting heat away from underground lines. Further 
study should be directed towards determining: 

(1) Those soils that are best adapted to absorption 
and retention of natural moisture. 

(2) Those soils that are best adapted to artificial 
means of moisture saturation. 


Part Ii—Description and Details of Test 

The first part of this article covers in a general way 
the more important and useful results of the investiga- 
tion. In this second part the details will be dealt with. 

When the work was first started the results were 
very erratic. As an illustration, some preliminary 
measurements on builders sand are plotted in Fig. 5. 
The temperature was raised and lowered in steps, as 
indicated by the arrows. In this way one or more 
“heat cyles’’ were completed and if the measurements 
and test conditions had been accurate and stable the 
“heat cycles’”” would have been narrow and uniform, 
similar in appearance to those in Figs. land 4. Instead 
the measurements plot in a haphazard manner, especi- 
ally those on very moist sand. By a process of elimina- 
tion this erratic behavior was found to be due to: 

(a) The high temperature to which the inner tube 
was heated, which caused the moisture to vaporize 
and then condense against the cold wall of the outer 
cylinder. A temperature of the inner tube of about 
80 deg. cent. seemed to be the highest for accurate 
results. 

(b) During the preliminary work we had no means 
of constant current control of heating element. Even 
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small fluctuations of current caused appreciable errors. 

(ec) The outer and inner cylinders were not con- 
nected together, electrically and grounded, at one end. 
Consequently when the sand was moist it furnished a 
resistance parallel to the inner tube and in attempting 
to measure the resistance of inner tube for determina- 
tion of temperature an error was introduced. 

(d) The inner tube used in preliminary work was of 
brass. The temperature coefficient of brass is smaller 
than that of copper and change in resiStance, even 
when carefully measured with potentiometer, would not 
accurately indicate small changes in temperature. 
This trouble was eliminated by substituting a copper 
tube. 
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Fig. 5—PRELIMINARY MEASUREMENTS ON BuILDERS SAND 


Showing the erratic results due to errors in testing methods. 
indicate the order of the respective readings. 


The arrows 


The test equipment as finally developed is illustrated 
in Fig. 2. A dimensional sketch and a wiring diagram 
are shown in Figs. 6 and 7. A contact-making volt- 
meter held the heating current very steady. The cool- 
ing water for the jacket was taken from the city pipes 
and proved to be of very constant temperature (about 
15 deg. cent.). 

The resistance of the inner copper tube was carefully 
calibrated in an oil bath at different temperatures and 
the temperature drop across the soil under test was 
determined by subtracting the temperature of the inner 
tube, as measured by resistance, from the temperature 
of outer tube, measured by thermometers immersed 
in:the water bath. 

The general procedure was to place the concentric 
cylinders in a vertical position and fill the interstice with 
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properly prepared soil, packing it down firmly during 
filling with a concentric disk spacer. In this way the 
inner cylinder was accurately centered. The cylinders 
were left in a vertical position throughout the heat run 
as we found this gave more satisfactory results. There 
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was not only a better circulation of the cooling water 
but also the moisture in the soil would remain more 
uniformly distributed around the inner cylinder. 

It required on an average about four hours to reach 
constant temperature conditions but for convenience 
and also to be on the safe side we usually let the run 
continue over night, taking all measurements the next 
morning. 

Credit and appreciation are freely given to Dr. C. P. 
Steinmetz and Mr. J. L. R. Hayden for their valuable 
advice and aid in this work, and to Mr. D. A. Ballard 
for his untiring assistance. 
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Appendix 
HEATING IN UNDERGROUND CABLES 


The foregoing laboratory work on the thermal con- 
ductivity of soils was completed a year and a half ago, 
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The results were not published at that time but were 
made available to engineering committees and operating 
companies actively engaged in a study of heating in 
underground cables. Publication at the present time 
1s prompted by the Preliminary Report of the British 
Electrical Research Association on ‘The Heating of 
Buried Cables,” which appeared in the Journal of 
the I. E. E., February, 1921. Recognition was made 
in this admirable and extensive report of the influence 
of moisture in the soil surrounding buried cables. -No 
substantiating data, however, were submitted and it 
is felt that the present article contributes something 
in that respect. 

Heating in underground cables has received a great 
deal of theoretical and practical consideration in the 
past and many articles have been published on the 
subject. During the course of our work a thorough 
canvass of the literature was made and a bibliography 
prepared containing reference to articles that throw 
light on the problem. The bibliography is given 
with the present paper in the hope that it may prove 
useful to other engineers. 

Although this bibliography covers a great amount of 
work it is surprising how little progress has actually 
been made in placing the theory and practise of heating 
in cables on a practical working basis. In the writer’s 
opinion this is due to a lack of coordinated and syste- 
matic effort. The problem is big and requires a really 
tremendous amount of coordinated work to place it 
beyond the preliminary stage in which it is now. The 
work undertaken by the British Research Association 
is a step in the right direction and should be supported 
by similar work in other countries. 
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RADIO TELEPHONY IN THE LIFE- 
SAVING SERVICE 


The Bureau of Standards has been cooperating 
with the U. S. Coast Guard Service in the develop- 
ment of a radio telephone apparatus to maintain 
communication between a motor life-boat and the 
shore station. The great importance of maintaining 
reliable communication between the shore and a boat 
engaged in rendering assistance to a wrecked ship is 
obvious. As most of such rescue work necessarily 
has to be performed in stormy weather, it is highly 
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desirable to reduce to a minimum any apparatus 
above the deck level of the boat. No loose wires above, 
in, or under the boat are permissible, since these would 
interfere with the proper handling of the boat and the 
throwing of lines. For this reason, the installation 
of a small antenna of the ordinary elevated type, even 
a short distance above the deck would be very unde- 
sirable. 

After considerable investigation, it was decided 
that a coil antenna offered the best prospects for 
success. A coil antenna need not be insulated from 
the earth to give good results. Two vertical pipes 
grounded at each end and having a connection made 
across their upper ends have been successfully used 
for this purpose, and several years ago two members 
of the Bureau’s staff developed a coil antenna for use 
on submarines consisting of a single wire elevated a 
short distance above the submarine connected at each 
end to the metallic hull of the vessel. This constituted 
a single-turn coil antenna of which the hull formed a 
part, and successful communication has been carried 
on with a submarine so equipped. 

A similar arrangement was adopted ‘on the motor 
lifeboat for the Coast Guard. The boat on which the 
installation was made was 36 ft. long, driven by a gaso- 
line engine, and was equipped with a heavy metal 
keel. The receiving and transmitting set was installed 
on the boat as far forward as possible and from ita 
wire was run forward connected to the keel, two other 
wires heavily insulated were run aft along the guards 
and connected to the keel. A particular kind of coil 
antenna was thus formed of which the keel formed a 
part. 

This arrangement was satisfactory from a navigating 
point of view. The transmitting apparatus used at 
the station and on the boat were identical and consisted 
of a 5-watt radio telephone receiving set. The wave 
length used for transmission from the boat was 380 
meters and that used for transmission from the shore 
station was 675 meters, the receiving equipment used 
included an amplifier employing three stages of radio 
frequency amplification and two stages of audio fre- 
quency amplification and was specially designed for 
the wave length used. This apparatus as installed 
on the boat was extremely compact. 


On November 15, a demonstration was made at 
Atlantic City before representatives of the Coast 
Guard, and when the boat was 6 miles from shore good 
communication was maintained with the shore station. 
This distance is sufficient for the ordinary needs of the 
work, but if a greater distance is to be covered, it will, 
of course, be possible to. use a transmitting set more 
powerful than the 5-watt set used in these tests. 

The results of the tests were regarded as highly 
satisfactory, and consideration is being given by the 
Coast Guard to the installation of radio telephone 
equipments at a number of the more important stations. 
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. On Deviations From Standard Practise in Lightning 


Arresters 
BY, EE CR CREIGHTON 


Associate, A. I. E. BE. 
General Electric Company, Schenectady, N. Y. 


Review of the Subject.—This paper ts an endeavor to answer 
questions of practise and criticism of arresters brought out by an 
investigation conducted by the Protective Devices Committee. 

For the most part practise in lightning arresters is standardized. 
In fundamental principles there have been no. changes for many 
years. Improvements in details, especially of construction, are 
still being made. A new arrester, the oxide film arrester, gets rid 
of the oil and electrolyte and avoids the necessity of daily charging, 
but fundamentally it is designed along the same principles as the 
aluminum arrester. The important principle is the electric valve 
action—there are but a few milliamperes of discharge rate at normal 
line voltage, but at abnormal line voltages the discharge current 
rise to hundreds of amperes. In answer to criticisms made by a 
few prominent engineers, it is maintained as fundamental that a 
large discharge rate for an arrester is an-absolute essential. The 
burden of proof falls on those engineers who use arresters of low 
discharge rate. These arresters cannot discharge the dangerous 
lightning surges on overhead lines. Since there are lightning 
arresters of low discharge rate in apparently satisfactory use, an 
explanation for this anomaly is found in the use of insulators of 
low arc-over voltage. Either the lightning potential is relieved 
locally at the insulator or the resultant traveling wave is of too low 
voltage when it reaches the transformer greatly to endanger the 


insulation. Poor line insulation is not a solution of the problem 
of continwity of service. Why not save the cost of the useless light- 
ning arrester? 


The current in such a traveling wave is about two amperes for 
every thousand volts of lightning potential, 600 amperes for 300 
kv. One to twenty-five ampere discharge rate of arresters has little 
effect in reducing the lightning voltage. 

How many arresters should be used to protect a six-feeder system? 
It depends on the conditions of insulation in circuit breakers and 


years the Technical Committee on Protective 
Devices, Mr. D.W. Roper, Chairman, has voted 
to make a survey of practise in lightning arresters on 
transmission circuits (not distribution), but each year 
there have been other matters which took precedence. 
Last year Mr. F. L. Hunt addressed a number of 
eminent transmission men with definite questions rela- 
ting to specific cases designed to bring out views on 
advisable practise and to obtain adverse criticism. 
In general their answers represent standard practise. 
There are a few variations from, what seems to the 
writer, good practise. These variations will be dis- 
cussed briefly by a presentation of definite reasons 
against them. 
Object. Briefly the object of this paper then is to 
discuss: First, variations from good practise, and 
second, proper differences in standard practise, which 
will be treated under one heading; and third, improve- 
ments and economies in the maintenance of aluminum 


arresters. 


To be presented at the 10th Midwinter Convention of the 
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the importance of continuity of service. According to the condi- 
tions discussed in the body of the paper, from one arrester connected 
to the busbars to seven arresters with auxiliaries are needed. 

The use of no arresters is discussed from three standpoints. 


1. If it is contended that lightning is not of sufficient voltage to 
cause damage. 2. If it is considered a better investment to put 
lightning arrester money into spare transformers. 8. If it is 
considered good practise to so highly insulate a transformer as to give 
wtimmunity from lightning. The conclusion reached is that each 
of these three arguments is dangerously faulty. 

A new method of inspection of aluminum arresters is proposed. 
The experiments given in the paper show that the power factor of 
the cells examined is very sensitive to their condition. There are 
promises of effecting economies in overhauling aluminum arresters 
and of lengthening their life. Experiences are given with a 33-kv. 
arrester in service thirteen years without overhauling. The plates 
are still in good condition. The usual damaging deposits of decom- 
posed oil on the aluminum film were prevented by using an initial 
rush of charging current great enough to throw them off. . The 
electrolyte is partially exhausted in strength and needs changing. 
The discharge rate is still high. 


CONTENTS. 


Committee Survey. (110 w.) 

Object of paper. (40 w.) 

Status of lightning arresters. (50 w.) 

Horn-gap arresters and any other form of high-resistance arrester. 
Current in a traveling wave two amperes per kv. (320 w.) 
Significance of this fact in practise. (850 w.) 

The effect in practise of the demands of continuity of service. 
The practise of using no lightning arrester. (2000 w.) 
Prophesies. (200 w.) 

Aluminum arresters and criticisms of film theories. (120 w.) 
Inspection and repair of aluminum arresters. (1810 w.) 


(280 w.) 


(390 w.) 


DIFFERENCES IN STANDARD PRACTISE 

Status of Lightning Arrester Practise. Established 
practise in lightning arresters is firmly based on sound 
scientific principles. There is still a number of un- 
known conditions and even the best developed devices 
fall short in certain ideal functions, but engineering 
judgment is found in every step. 

Horn-Gap Arresters and Any Other Type of High 
Series Resistance. The initial discussion will be on 
the extremes of differences from standard practise, such, 
for example, as the use of horn-gap arresters and the 
practise of using no arresters at all. A brief review of 
some of the factors relating to arresters not of the elec- 
tric valve type follows: (1) Horn gap with high series 
resistance, (2) with medium resistance, (3) with no 
series resistance. 

(1) If a horn gap arrester has a discharge rate of 
the order of 10 amperes it is insufficient to relieve the 
potential of any dangerous induced lightning stroke. 

(2) If the discharge rate is of the order of 100 
amperes the arrester becomes more protective In pro- 
portion but the amount of power taken by the arrester 
from the circuit makes both a heavy draft on the 
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generators and a difficulty in the design of the arrester. 
If it is designed with generous proportions to avoid 
overheating of series resistance the cost will be high. 

Commenting on these factors: The power taken by 
a three-phase discharge of horn gaps with currents 
limited to 100 amperes on a 60-kv. circuit is about 
12,000 kw. The usual time required for the arc to 
rise on a horn is about 5 seconds. No such discharge 
rate is used on these arresters in general because the 
resistance would be overheated by the power current 
which follows the lightning discharge. This energy 
would heat 600 liters (150 gallons) of electrolyte through 
100 deg. cent. In so doing the resistance would reduce 
to a fraction of its initial value, due to the negative 
coefficient of resistance with the rise of temperature— 
a natural characteristic of electrolytes. 

Commenting further on that persistent and in- 
efficient device, the arrester of any type of low discharge 
rate, proof is herewith offered, in the following para- 
graph, that such an arrester has no value in discharging 
lightning. 

Current of Traveling Wave: A traveling wave has an 
average current of twoamperes per thousand volts of potential 
of the wave. For the argument following it is necessary 
to accept this numerical figure. 

Proof that the approximate current in a traveling 
waveistwoamperes per kilovolt of surge voltage follows. 

The energy in a traveling wave is half electromagnetic 
and half electrostatic (see any standard work on this 
subject, for example such authorities as Bedell and 
Crehore, Steinmetz, Pupin, Berg). 

Expressed in a formula 

1/2C V? = 1/2 L I? where the capacitance C and the 
inductance L of a single wire are taken for any chosen 
unit of length of the wave. V is the effective voltage 
and I is the effective current over the length of wire 
chosen asa unit. Or V and J may be used as the crest 
voltage and crest current. By simple transposition 
and cancellation the value of surge current J in terms 
of the surge voltage becomes 

I= V/C/L = approximately 2 amperes for No. 
0, B & S. wire at an average height of 30 ft. (900 
em.) above the conducting surface of the earth. 

The inductance L of a single wire with the surface 
charge on the earth is not a definite quantity, but its 
widest possible variation will not affect the final re- 
sults greatly because this factor appears under a square 
root sign. The value of inductance L used was calcu- 
lated on the basis that the electromagnetic field of a 
line wire extended to its image at a depth below the 
surface equal to the height of the wire above. The 
single wire inductance was then used. The actual 
inductance is more likely to be greater than less. 

To illustrate how much effect the size of wire and 
its height may have on the surge current there were 
chosen two extreme cases. First, a large wire, one 
million circular mils, at an average height of 25 ft. 
(750 cm.) was used, and this increased the surge current 
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of a single wire by only 18 percent. Second, a small 
wire, No. 6 B & S, at a considerable average height, 
for the lowest wire 40 ft. was chosen. This lowered 
the surge current of a single wire to only about 90 per 
cent of that in the No. 0 wire at 30 ft. (900 cm.) height. 

Significance of the Current in a traveling wave. iG 
then, a traveling wave on a transmission wire has 
an average current of 2 amperes per thousand volts 
(about 10 per cent more or less according to the di- 
mensions, spacing, and height of wires), a lightning 
charge of 200,000 volts would have a current of 400 
amperes in its traveling wave. This wave travels at 
300,000 kilometers per second (184,000 miles a second), 
and an arrester which can draw off only 10 amperes from 
the 400 amperes, as this traveling wave rushes head- 
long into the insulation of the transformer, is not doing 
much to reduce the voltage of that wave. If by as- 
sumption the traveling wave has only 10 amperes of 
current its voltage is only about 5 kv. and is harmless 
to any transmission circuit. 

The lightning arrester can take only a share of the 
current as the traveling wave reaches thepoint where 
the arrester is located. In other words, if the arrester 
is at any point on the line except at the ends the light- 
ning current will divide into two parts—one part 
continuing along the line and the other part passing 
through the arrester to ground. The voltage of the 
traveling wave is not reduced even in proportion to the 
reduction of the current involved in the wave. This 
is because half the energy of the traveling wave is 
electrostatic and half electromagnetic. 

In this argument is there anything subtle or vague or 
improbable? It requires only the acceptance of the 
figure of two amperes per kilovolt in the traveling wave 
and the well-known theory of the division of current 
at a bifurcation of the circuit. This same argument 
applies to any lightning arrester of any make which 
has a low rate of discharge. It puts the burden of 
proof for such American and European practise as 
high resistance and a jet of water used as a lightning 
arrester, on the engineers who advocate it. 

Furthermore, all our laboratory experience shows that 
such a jet of water or any lightning arrester of low dis- 
charge rate has no appreciable value in discharging a 
traveling wave. 

(3) If no series resistance is used the large arcs of 
short circuits which can be blown for 30 or 40 feet to 
other circuits call for large space of installation. Also 
there is the inevitable interruption of service to say 
nothing of other intrinsic dangers of short circuits. 
Still further, if separate grounds for the three phases are 
used for these horn gaps, the space between grounds 
becomes a menace to life. The arrester does not sus- 
tain the line voltage but throws it down to the ground. 
This menace increases with the potential and power 
of the circuit. As another objectionable feature, the 
earth contacts dry out under heavy discharge. The 
earth resistance may amount to any high value. There 
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are other objections to these short circuiting devices 
from a protective standpoint. 

In going over these matters with an interested trans- 
mission engineer, he asked at this point the very per- 
tinent question: How is it that a prominent engineer, 
whose judgment and veracity we both respect and who 
has no personal interest in the manufacture or sale of 
lightning arresters of the horn-gap type, could install 
horn-gap arresters of comparatively low discharge rate 
on his circuits and honestly report successful operation? 

In answer, there might be several ways that this 
condition could come about. As an illustration, if the 
insulators on a transmission line have an arc-over volt- 
age of the order of say 120 kv. and the power voltage 
is 60 kv., lightning could not induce on the line more 
than double the normal line voltage without spilling 
over an insulator and relieving itself locally at the 
point on the line nearest the stroke between cloud and 
ground. The traveling wave is only about 70 per cent 
of the arc-over voltage of the line insulator, due to the 
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lightning charge breaking into two parts which travel 
in opposite directions from the place of maximum in- 
duction (Fig. 1). 

The insulation of the transformers is designed to 
withstand a test of double voltage for a minute. The 
only danger of this traveling wave lies either in a steep 
wave front which would damage the insulation between 
end turns, or in some remote possibility of an internal 
resonance in the transformer coils. The chances of 
damage are very slight. Then arises the question when 
such a condition of line insulation exists—why even go 
to the expense of the useless horn-gap arrester? An 
engineer may have inherited these conditions of low 
insulation on the line and may be making the very best 
engineering practise out of a bad situation, keeping 
very properly in mind the dividends to the stockholders. 
We venture to say, however, that this same engineer 
would not recommend low dielectric strength of in- 
sulators or a revival of the once tried practise of placing 
horn gaps at every insulator. The best practise today 
is in the direction of the highest reasonable factor of 
safety in the spark potential of the insulators. 

Another way in which the user of a horn-gap arrester 
of low discharge rate could escape without loss of 
insulation of the transformer is by using a horn gap 
without resistance, in parallel with the resistance 
type. In this case the dielectric strength of the in- 
sulators may be very high and the voltage of the travel- 
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ing wave may be at a damagingly high value, and yet 
damage to the insulation of the transformer may not 
be evidenced. However, it is not a solution of the 
problem, because the primary object of a transmission 
system is to sell and deliver power. The power 
service is interrupted by the short circuit of the horn 
Sap. 

The Effect on Practise of the Demands of Continuity 
of Service. The foregoing statement of service brings 
us immediately to a difference in arrester practise 
between engineers of different systems in which they 
can all be right. At one extreme there is the demand 
of service so slightly emphasized as to make it per- 
missible to disconnect the power from the line during 
lightning storms. If visual observation and storm 
detectors could be relied on there would be little need 
of lightning arresters under a condition of this kind. 
Any one might take a chance without being criticised. 

At the other extreme is the requirement of service 
illustrated by the Edison companies where one _ in- 
terruption in ten years is considered a calamity. 
In between are all grades of requirements brought 
about by the supply of power to such industries as 
paper mills, mining pumps, weaving mills, and manu- 
facturers of any material which requires a continuous 
movement of the machines from the beginning to the 
end of the piece being manufactured. 

There is another factor relative to the installation of 
an arrester of low discharge rate which has not been 
sufficiently emphasized, namely that no matter what 
type of arrester is installed the expense of installation 
is always considerable. If the expense of the installa- 
tion is to be undertaken, why not add a little more and 
get an effective discharge rate? 

A large concern whose business is enhanced by perfect 
service of its main apparatus in the form of generators, 
transformers, motors, lamps, etc. cannot argue the 
ease for a cheap ineffective lightning arrester and 
build up a business in this line based on incomplete 
and immaturely considered experiences. 

The foregoing argument does not take into account 
the sincerity of research engineers who have collected 
and analyzed voluminous data for many years and 
have concluded that it is an economic waste to the 
art of transmission to invest in arresters of low dis- 
charge rate as now installed. To any one company 
the futile expense may not be damaging but the 
aggregate loss for the country over is very considerable. 
The idea of giving a new arrester a trial indicates an 
admirable progressive spirit. But to do this without 
considering the intrinsic factors or thecharacteristics of 
the arresters entails unnecessary waste. It is one of 
the objects of this discussion to present reasons for 
present practise and thereby give the dissenter an 
opportunity to present his side in open forum. The 
dissenter also owes it to the art to set us right, if we are 
wrong, and thereby effect a still greater saving in 
investment. 
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The Practise of Using No Lightning Arresters. We 
now pass on to another extreme of practise, namely, 
the system which operates without any lightning 
arrester. There is only one such overhead system of 
importance that I know of. What penalty it is paying 
for this practise is not yet fully determined. What 
financial losses are entailed? What kind of service is 
given? A review of the evolution of this condition 
may be valuable in preventing some other system from 
attempting the same practise without having the same 
conditions. The transformers on this system were 
rewound with extra-high insulation at a very consider- 
able expense. This is the first and most important 
item. Aluminum lightning arresters were used in the 
earlier days, the neutral was non-grounded, and the 
practise of keeping the power on the circuit regardless 
of the conditions did, in one case I know of, hold a 
persistent arcing ground for ten hours. Naturally 
an aluminum lightning arrester was destroyed and the 
remarkable feature was it lasted the ten hours. At 
that time the engineer argued that he was willing to 
sacrifice the arrester to maintain the service, but he 
lost both the arrester and the service. Under this 
practise one arrester after another disappeared and 
there is no desire on the part of a manufacturer to 
sell more arresters. There are certain lines of argument 
that one may follow regarding this installation. (1) 
It may be contended that the lightning is not of 
sufficient voltage to cause any damage; or (2) it may 
be considered a better investment to put the lightning 
arrester money into spare transformers; or (3) it may 
be considered good practise to so highly insulate a 
transformer as to give it a high degree of immunity 
from lightning. 

Considering these three possible arguments in the 
order given above, first, that the lightning may not 
be of sufficient voltage to damage the insulation— 
if the lines are highly insulated—one canonly say, Alas! 
Tests made in the laboratory on coils representing end 
turns of a transformer have demonstrated the ease 
with which a spark may be formed between adjacent 
turns puncturing the insulation. To note this tendency 
on transmission lines the simplest method is to place 
a spark gap in parallel with a choke coil of. compara- 
tively few turns. During lightning storms frequent 
sparks will take place. Another situation where this 
effect is shown is the frequency of puncture of current 
transformers by traveling waves. Many such ex- 
periences have led to the conclusion that traveling 
waves, especially of steep wave front, will cause punc- 
tures between turns of the end coils of transformers— 
certainly they do in extreme cases of high voltage. 
This would require the best protection obtainable. 
To be sure, a single puncture of this kind does not, in 
general, cause short circuit, but the successive sparks 
may be cumulative in their effects, punctures being 
made at different points until the conditions are right 
for holding the are. Small transformers and very 
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large ones are more likely to fail than intermediate, 
sizes due to the distribution between layers or between 
turns. More technical data on this subject are needed 
and are being collected. ) 

Second, the spare transformer method of caring 
for dangerous lightning strokes needs comment. It 
is not necessarily a poor engineering proposition. On 
the contrary there are conditions which make it accept- 
able. As an example of an installation of a step-down 


transformer, if the requirements of continuity of 


service are rigid, if the transformers are of low kilowatt 
capacity and of-high voltage, it is difficult to figure 
economy in an investment in a lightning arrester. 
Arresters have a way of mounting in cost as the re- 
quired voltage of the circuit is higher, regardless of 
the kilowatt capacity of the transformer. We have 
given this matter attention for several years without 
being able to evolve a satisfactory arrester. Such an 
arrester must have the characteristics of low cost, 
high discharge rate, independence of attention, and 
practical indestructibility. 

Admitting then there is now no acceptable standard 
practise for application of lightning arresters for high- 
voltage transformers of low kilowatt capacity, let us 
turn attention to those of higher capacity such as are 
installed in power stations and principal step-down 
stations. Will the service demands permit an inter- 
ruption while a spare transformer is shifted from one 
station to another? Shall a spare transformer be 
ordered for each station? Shall it be single- or three- 
phase? If a lightning storm should damage two 
single-phase transformers out of the four available, 
would the loss of revenue, to say nothing of the pres- 
tige, far exceed the interest and depreciation on one 
set of arresters at this point—or even several sets of 
arresters included in a proportionalcharge? Isit worth 
the price to risk a possible cumulative damage to the 
insulation of generators and transformers by occasional 
heavy discharges without arrester protection? Wherethe 
answer is yes, the case is settled. Every transmission 
engineer must find a balance between the risk of no 
protection and the cost of failure without protection. 
The primary question for self-interrogation in any 
particular installation is: What will it cost in loss of 
revenue, in time, in repairs, and in prestige to have a 
failure of one, two or of all three phases? Lightning 
storms average up if the effects of enough of them are 
taken into account. The chances of a stroke near a 
station are not very great. In lightning-infected 
countries one must in general by pure chance expect, 
some time, a progressive thunder storm which, instead 
of crossing the lines at an angle, runs longitudinally 
with it, with practically every stroke effective in pro- 
ducing a high-voltage surge on the lines or in the station. 
One can go several years with hearty self-congratu- 
lation instead of lightning protection and finally meet 
a longitudinally traveling Waterloo. 

It has been and still can be properly argued that 
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many or even the majority of discharges of lightning 
arresters are unnecessary as the charges are harmless. 
This is true where the gaps of the arresters are set at 
a spark voltage only slightly above line voltage. But 
such an argument does not decrease the intensity of 
the minority of discharges, nor does it prove that ar- 
resters are not necessary for “protection for the lesser 
number of heavy strokes or that it is good judgment 
to do without arresters entirely. 

To summarize some of the points: Arresters may 

be dispensed with (a) if there are no lightning storms 
and no surges on the lines; (b) if the insulation of the 
power apparatus has a higher factor of safety than the 
line insulators (leaving a chance of damage by a stroke 
near the station); (c) if there is available a good de- 
tector of lightning as it approaches the lines and the 
circuit breakers are opened before the storm breaks 
anywhere over the aerial line; (d) if the transformers 
are of such low kilowatt capacity that the relative 
cost of the arrester is above the economical dictates 
of risk and replacement of damaged transformer 
Loss of service to the customer and the interruption 
of the main power service by accidental failure of a 
small power transformer must at present be carried 
on the debit side of the book value of this customer’s 
payments. At present the lack of acceptable solution 
of this problem is interfering with the installation of 
small-power transformers on high-voltage circuits. 
This is a condition the manufacturer of transformers 
regrets as much as the power company and is as eager 
to correct; (e) on underground systems with grounded 
neutral, arresters may be used sparingly. 
* Third. As to using thicker insulation instead of 
lightning arresters—thicker insulation on the trans- 
former turns of the coils engenders more difficulties 
in extracting the heat from J?R losses and lessens the 
kilowatt capacity of the transformer. Since it seems 
impossible to put on enough insulation to prevent all 
lightning troubles it has become standard practise to 
use a reasonable amount of insulation and employ a 
lightning arrester. The arrester seems necessary any- 
how for occasional extreme voltages. 

Taking up one of Mr. Hunt’s questions relative to 
the installation of lightning arresters on a circuit con- 
sisting of six feeders leading out from a bus—he has 
received the answers that, at one extreme of practise a 
lightning arrester should be placed on each one of the 
six outgoing feeders; at the other extreme, either one 
lightning arrester on the bus is recommended or none 
at all if the feeders are cables. If the feeders are im- 
portant, the lightning frequent, the service demands 
rigid, the six arresters are desirable. Even greater 
protection may be necessary. If, on the other hand, 
the demands of protection are not great, then one 
or two arresters on the busbars would be sufficient. 
Two arresters are recommended when it is important 
to have one asa spare. One arrester of high discharge 
rate reduces the risk to a small value. However, if 
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this practise of using one arrester is followed there are 
two Important things that must be done at the same 
time: First, the current transformers must be shunted 
by bypass gaps; second, since the arrester is on the 
generator side of the automatic circuit breakers the 
circuit should be protected against accidental short 
circuit by suitable fuses on the arrester. 

Engineering judgment must be used and all the 
factors of protection taken into account in order to 
decide how many lightning arresters to install on these 
six feeders and how to place them. I shall now take 
another hypothetical case, not unknown in practise, in 
which even the installation of six arresters does not 
give good protection. Suppose the line insulators have 
an unusually high factor of safety against lightning 
potential. Thisisgood practise. Money could scarcely 
be better invested in a transmission line. However, 
it influences the practise to be followed in lightning 
arresters. The higher insulation of the line prevents 
the local relief of induced lightning strokes and there- 
fore carries into the station unusually high lightning 
voltages. The choice of high factor of safety in the 
insulators leaves the standard circuit breaker, for 
example, and the current transformer, for another 
example, relatively poorly insulated. It is an easy 
matter for the transmission engineers to select a 
current transformer of higher voltage than usually 
demanded. But it is not a matter that can be so 
easily taken care of in the circuit breaker. The circuit 
breaker is a combination of a porcelain bushing, steel 
parts, and metal mechanism which has been standard- 
ized and is expensive and presumably already in use in 
this hypothetical instance. The porcelain bushings 
cannot be either changed or increased in dielectric 
strength. To place a single lightning arrester on the 
bus without any protection on the feeders would be 
tantamount to inviting the lightning to jump over the 
bushings of that very important protective device, 
the circuit breaker, and thereby invite a calamity of 
serious nature. Such a condition of high insulation on 
the line and low insulation in the breaker demands 
not only a lightning arrester on each feeder but also a 
considerable inductance in the form of choke coils 
between the line and circuit breaker. It also demands 
for the best conditions of protection that a lightning 
arrester be placed on the bus of the station in order to 
discharge the quantity of electricity which gets through 
the choke coils of the feeders during the brief period 
that most of the lightning charge is finding its way to 
ground through the lightning arrester. A choke coil 
eannot choke back the traveling wave without ab- 
sorbing some of the charge. Such an absorbed charge 
cannot, without reflection of the wave, return to the 
lightning arresters on the feeders any more than a 
bullet can return to a rifle barrel after it has passed 
the muzzle without rebounding from the target. The 
analogy is complete. Here, then, is described the 
condition where if the engineer were laying out an 


104 


installation in the first place he could have the choice of 
higher voltage circuit breakers and practically few 
lightning arresters or lower voltage circuit breakers 
and a full complement of protective apparatus. Like 
any other engineering proposition, all the parts must 
be designed to work together. 

The casual critic who holds the weakness of lightning 
arresters reponsible for the interruption of service 
during lightning storms is misled by the name of this 
device, to wit, “lightning arresters”, and is in utter 
confusion regarding their function. A lightning ar- 
rester is designed to protect end coil insulation from 
puncture and any other exterior insulation at the point 
where the arrester is installed. If it protects the 
service it is only a secondary matter due to its protec- 
tion of the insulation. The most prolific cause of 
interruption of service on overhead lines is arc-overs 
of insulators by lightning at points distant from ar- 
resters. The lightning arrester has no function to 
prevent such an occurrence. The best protector for 
accidental are-overs of insulators is the are suppressor— 
a device not yet sufficiently perfected to be used in 
standard practise. 

Prophecies. Closing this part of the subject,—this 
paper is not intended to give completely even the 
principles of protection, to say nothing of the theory 
and practise. It strikes a few high spots raised by 
the investigating committee. There must be the 
admission of lack of perfection in the art of protection. 
This admission is somewhat offset by renewed activi- 
ties in researches and developments since the close of 
the war. It may be pertinent (although risky to 
the prophet) to say we can see the possible routes by 
which a high degree of perfection is to be attained. 
This statement is virtually saying that more than 
half the final spurt is run. Preventing interruption of 
service by arc-over of insulators will do away with 
the cause of the majority of interruptions on overhead 
circuits. 

To clean up the final residue of failures and troubles 
will require the most hearty cooperation between the 
operating engineers and the laboratory specialists who 
spend their time studying the voltage phenomena 
and the characteristics of insulations—and will call 
for a power of analysis not yet in sight. For long- 
distance transmission the goal sought is the degree of 
continuity of service given by the Edison companies 
in the larger cities. It is possible and must be reached. 

THE ALUMINUM ARRESTER AND CRITICISMS OF 

FILM THEORIES 

One of the broad fundamentals dwelt upon in the 
foregoing pages is the need in an arrester of a high 
discharge rate, a rate comparable with the currents 
in lightning surges. It is not necessary to master 
the fine details of theories of films to determine if an 
arrester has this quality. Place a single cell of two 
cones for a unit period of one to four cycles on a 600- 
volt a-c. circuit of sufficient power to maintain the 
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voltage. Does the current rise to several hundred 
amperes? Therein is the answer without any theory. 
An oscillograph gives full data on what takes place. 
It will give the answer, “‘No’’, to the question, “Does 
the arrester short-circuit the voltage?” The ballistic 
throw of a large ammeter, not too much damped to 
respond to a sixtieth of a second, will give an indi- 
cation of large current flow. 

Inspection and Repair of Aluminum Arresters. The 
question of overhauling the aluminum arresters is by 
far the most serious criticism that has been made of 
arresters. The whole subject of inspection and repair 
is under reconsideration. The following investigations 
show that the power factor of the aluminum cells, 
either as individual cells or as a whole stack, may be 
a desirable method of inspecting the condition of an 
arrester before deciding to disassemble the parts. The 
use of power factor is new and, furthermore, it is well- 
known that the effects given by aluminum cells, such 
as variations in current, wattage loss, and power factor, 
are factors of wide variation, depending upon the quality 
of the aluminum, the nature and temperature of the 
electrolyte, the wave form, and the like. Some cells 
have shown deterioration by the presence of an ab- 
normally high charging current. (Unfortunately de- 
terioration is not always accompanied by higher 
charging current.) Cells have also shown deteriora- 
tion by the value of the watts loss. So far as the re- 
cent investigations have gone the power factor method 
seems to be the most generally reliable indication of the 
condition of the cells. Deductions drawn from the 
measurements of power factor are comparatively new 
and, while the figures given are actual test data, it will 
require a wide experience to determine on dependable 
instructions for making the inspection. With these ’ 
words of caution against the interpretation of these 
favorable data as final, some excellent results of these 
investigations will be briefly reviewed. 

The Adirondack Power Company had two 33-kv. 
arresters handy and of promising interest. Reliable 
information was received that they had not been over- 
hauled since installation, thirteen yearsago. The first 
point of interest was the conclusion that either the arrest- 
ers must be in deplorable condition or else there wassome 
good way of avoiding frequent overhauling. We were 
in search of deteriorated aluminum cones and would 
have been pleased to have found this condition. The 
operating engineer may be more pleased by the fact 
that the aluminum surfaces were not corroded or eaten 
at the contact line of oil and electrolyte. Of course, 
thirteen years of daily charging had partially exhausted 
the electrolyte. Although new electrolyte was needed 
the discharge rate of each cell on 600 volts was 
several hundred amperes, showing that the arrester 
still gave good protection. It was still in good opera- 
ting condition. The oil was somewhat modified by the 
oxygen and hydrogen freed by electrolytic action, but 
was not in a condition risky for operation. 
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The second point of prime importance was the fact 
that the charging currents of the several phases of the 
arrester as read by ammeter were near normal. On the 
west arrester the currents were slightly below normal. 
On the east arrester they were only 9 per cent to 27 
per cent above the recommended normal value. Wave 
shape, quality of aluminum, and quantity of electrolyte 
will make this much difference. Since other tests 
_ were made which showed the arrester needed overhaul- 
ing, the results indicate the unreliability of depending 
on current readings alone to determine the best time 
to overhaul. The spark at the beginning and end of 
charging was snappy and normal. Here, then, was 
an arrester giving safe and satisfactory operation, but 
which had reached a point of exhaustion of electro- 
lyte, marking the period most desirable to overhaul. 

A new method of simple electrical test was adopted, 
which shows this deteriorated condition of the cells 
so strongly that it is more than 300 per cent greater 
than with new cells. The method consists in measur- 
ing the wattage and voltage in addition to the charging 
current and calculating the power factor. For example, 
one stack of cones on the east arrester was removed 
for other studies. A stack of new cones replaced it. 
The power factor of this new stack was 14 per cent. 
The three remaining stacks had power factors of 42 
per cent, 46 per cent and 47 per cent. (three times 
normal). 

The west arrester with charging currents less than 
normal had power factors higher and lower than the 
east arrester, 50 per cent, 44 per cent, 43 per cent and 
27 per cent respectively for the four legs. Since no 
inspection of these cells has been made, other than 
indicated by these measurements, the physical condi- 
tion of the cells of the west arrester is not yet known. 

Twenty-one cells of the stack taken from a tank of 
the east arrester were given individually a detailed 
study. Such measurements were made as: (1) Ini- 
tial current rush at 250 volts impressed, (2) normal 
charging current, (3) watts loss, (4) discharge rate at 
600 volts impressed, (5) rate of dissolution, (6) power 
factor, (7) thickness of film, (8) restoration of normal 
film, (9) resistance of electrolyte, (10) quantity of 
electrolyte per cell, (11) concentration of electrolyte, 
(12) insolubility, if any, of precipitate, (13) exhaustion 
of electrolyte, (14) physical appearance of films and 
degree of corrosion of the aluminum surfaces, (15) 
sludge at surface of electrolyte, (16) sludge deposited 
on the free surface of the cones, (17) also sludge in the 
body of the oil, and (18) electrolyte in bottom of tank 
and (19) electrolyte in the oil. 

Too much attention to the many details at the present 
moment will tend to obscure a few important results. 
In general the individual cells varied in their conditions. 
Most of them had low charging current. Three of 
them had currents three times normal. ‘Three showed 
considerable dissolution of film and required special 
attention to reform them. 

All of them showed relatively high power factor. 
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The highest was 88 per cent. The lowest was 36 per 
cent. Several ran in the sixty-percentages. Most of 
them were in the forty-percentages, around the average 
value for the stack. 

Attention was given to the typical groups of cells to 
determine if they could be brought back to the normal 
condition of new cells without disassembling. It was 
done simply and quickly. Electrical treatment (mo- 
mentary high current rush) was given to the films and 
the old electrolyte was replaced by new. The power 
factors returned to the value for new cells. After 
thirteen years of continuous operation these particular 
cells were made as good as new without treatment 
with alkali or acid and without factory formation of 
film. 

As depreciation goes on all apparatus, this record 
is satisfactory. So far as any one can see the aluminum 
is good for several decades more. It is desirable to 
renew the electrolyte more often than once in thirteen 
years, but apparently no harm has come from this 
long period of use. Why can not this record be ex- 
tended to all installations of arresters? We can see 
no reason to the contrary at present. The materials 
in the arrester (aluminum, electrolyte and oil) seem to 
be the same as the average of all other arresters. 
The only apparent difference from standard practise isin 
the method of charging the cells each day. When this 
matter has received thorough investigation and re- 
peated confirmation has cleared away all doubts, it will 
be time to make definite and final recommendations. 

Before this longevity can be brought about there 
are many arresters in service to be overhauled. There 
are conditions where films are to be removed as the 
easiest way of removing impurities on the surface and 
in the cavities of the aluminum produced by the action 
of the modified oil. To send aluminum cones back to 
the factory with the expenses of express, factory labor 
and chemicals, and loss of time, is a serious factor and 
an endeavor is being made to develop methods which 
will avoid much of it in the future. The developments 
and early installations were made with aluminum 
formed without elaborate dipping tanks, water cooling 
and automatic regulation. In the routine standardi- 
zation of factory processes the early art of formation 
was forgotten. These methods will be revived and 
improved so that a properly trained man may be able 
to reform films without loss of time at the place of 
installation. 

To determine what approximate conditions were 
involved, single cells were experimented upon. The 
films were removed and the surfaces of the aluminum 
thoroughly cleaned, involving about a minute of time. 
After the cones were washed, the major part of the new 
film was put on, by the most rapid method known, in 
about aminute. Thetemperature of the electrolyte rose _ 
about 30 deg. cent. The finish was then applied by 
the normal charging method. Several minutes of 
application were used. 

With suitable chemicals, machines and equipment 
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this work may be done in the field of operation. The 
standard electrolyte contains a germicide and two or- 
ganic chemicals which make it less suitable and more 
expensive for forming films than “‘forming”’ electrolyte 
which does not contain them. The electrolyte used 
in forming is more or less exhausted in the process which 
involves considerable electrochemical energy. This 
exhausted electrolyte, therefore, must be replaced by 
fresh electrolyte after the new films are formed. 

This is not the time or place to give the detailed in- 
struction for the proposed methods of inspecting and 
overhauling. If it is found. desirable after further ex- 
perimentation, it is planned to give instruction else- 
where—in the G. H. Review and in pamphlet form. 

The new power factor method of inspection of the 
condition of an aluminum arrester may be put into the 
hands of any one familiar with the handling of indicating 
instruments around a high-tension three-phase system. 
The methods of renovating the films at the place of 
installation is simple enough to anyone accustomed to 
manufacturing and laboratory work. There are a few 
things to be scrupulously avoided. ‘There are corrosive 
chemicals to be used. Furthermore, an equipment 
is necessary to do the work economically. There should 
be two trained men, such things as standard electro- 
lyte, forming electrolyte, acid, motor-generator, stand- 
ard cells for comparison, exchange racks, ‘‘forming”’ 
racks, suitable meters (ammeter, voltmeter, wattmeter), 
potential transformer of variable voltage, jin poles, 
block and tackle, rapid filter, graduates, suitable glass 
and rubber tubing, motor-operated contactor and so on. 

There will not be enough work on any one trans- 
mission system to keep an outfit busy and to retain 
experts properly trained to carry on the work rapidly 
with accuracy and judgment. The long intervals 
between overhaulings allow memory to play tricks in 
the performance of the method. Changing personnel 
and positions are other factors which deprive the opera- 
tor of trained men. If it could be brought about, the 
most economical results would be obtained by having 
experts with their outfit go from one system to another 
devoting their time to this particular work. Will a 
number of transmission companies share the initial 
expense of apparatus? With the conditions compatible 
with success the greatest pains will be taken by the 
manufacturer to give experts instruction and experience, 
to help them train their judgment, and to inform them 
on the proper instruments, apparatus, and methods to 
employ. 

To summarize the possibilities relative to over- 
hauling aluminum arresters, the promises are: More 
accurate and definite methods of inspection of the 
arrester will soon be made available. Unnecessary 
overhauling may be decreased. Longer periods be- 
tween overhaulings may possibly be brought about 
by slight changes in methods of charging. Longer life 
of the arrester may also be attained. The actual cost 
of overhauling will be decreased. The cost per annum 
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will be greatly decreased. Deteriorated plates may 
be reformed at the place of installation. 

Bibliography. A complete bibliography is under 
preparation for publication later. 


IMPROVEMENT IN RARE-METAL 
THERMOCOUPLES 

Tests made by the pyrometry laboratory of the 
Bureau of Standards early in 1921 revealed the fact 
that many of the platinum-rhodium thermo-couples 
found on the American market were subject to large 
changes in indication after long continued exposure to. 
very high temperatures. The constancy and reliability 
of these couples is a matter of great importance in 
view of their widespread industrial application for the 
measurement and control of high temperatures, and 
because upon correct functioning of these thermo-couples 
depends the quality and physical properties of many 
manufactured products. 

The wires from which these thermo-couples were 
made were obtained from two sources, one American 
and one British. The tests showed that the former 
were of satisfactory purity for the use to which such 
couples are applied. They satisfactorily met all indus- 
trial requirements as to constancy and reliability if 
properly protected by well-known methods of insulation. 

The British refined metal and alloys were found to 
be subject to large changes in their indications because 
of exposure to high temperatures. Chemical and 
spectroscopic tests revealed the fact that the trouble 
was due to the presence of several tenths of one per cent 
of iron in the platinum-rhodium alloy wire. The plati- 
num wires, on the other hand, were found to be of 
high and satisfactory degree of purity. 

The facts developed by these tests were immediately 
communicated to the firms engaged in refining the 
metals used for thermo-couples as well as to manufac- 
turers of pyrometers who were employing them in 
their pyrometric installations. As a result of these 
tests, the British firm determined to improve its pro- 
duct and immediately took up the problem of producing 
new platinum-rhodium alloys free from the presence of 
iron or other impurities. Samples of their improved 
wire were submitted to the Bureau for test a few months 
ago, and the results show the new couples to be emi- 
nently satsifactory. Therefore, at the present time 
purchasers have a choice of two makes of wire either 
of which will prove to be satisfactory. 

Full details of the life tests of all the thermocouples 
included in this investigation, as well as the chemical 
and spectroscopic tests made on the wires entering 
into their construction, have been submitted for publi- 
cation in Chemical and Metallurgical Engineering. 
This work has resulted in a marked advance in reli- 
ability of high temperature measurements, since it 
has brought about the general use of materials of 
sufficiently high purity to remove an important cause 
of variations in thermo-couple indications. 
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_ Subject of the Paper.—A kinematic device is described 
and illustrated which represents the vector diagram of a 
polyphase induction machine. The parts are made to assume at 
will different positions corresponding to different loads of an in- 
duction motor or generator. The primary and the secondary 
constants, the magnetizing current, and the core loss, are also 
adjustable at will. The device permits the visualization of the 
performance of an induction machine and can be used for a study 
of a given machine or for a selection vf the constants to give the 
desired performance characteristics of a new machine. The in- 
put, output, torque, speed, power factor, etc., can be read off on 
the device as in an.actual brake test. — 

The kinematic connections consist mainly of generalized pro- 
portional dividers and of parallel tongs, so combined as to satisfy 
a system of simultaneous vectorial equations which represent 
the properties of the machine. Further applications of the device 
to polyphase commutator motors are suggested. 


INTRODUCTION 
The Meaning of the Word ‘“‘Indumor.”’ An abbrevia- 
tion of the words “induction motor.” 
What the Indwmor is. A combination of movable 
and adjustable bars (Fig. 1) which can be set to repre- 


Fig. 1—Tur InDUMOR 


sent to a certain scale a vector diagram of voltages, 
currents, m. m. fs. and fluxes in a polyphase induction 
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motor or generator of any desired constants. The 
parts of the device are kinematically so constrained 
that the diagram set correctly for one load remains 
correct at any other load. 


The Purposes of the Device. (1) To enable a designer 
to select the best electrical constants and to “test’’ 
an induction motor or generator before it has been 
actually built. (2) For some applications to take the 
place of an involved analytical theory; it is often 
difficult to see the effect of separate factors upon the 
performance characteristics, and it takes considerable 
mathematical skill to deduce the equations of the 
various loci. (3) For some purposes to take the place 
of the circle diagram which becomes quite complicated 
when the primary resistance is taken correctly into 
consideration. (4) To add the judgment of the eye 
and the skill of the hands to the purely mental ability 
in selecting the constants of a machine for a desired 
performance, or in judging the characteristics for 
assumed constants. (5) To enable an investigator 
or a student to familiarize himself with the machine 
as if he had one available for tests. This is of particular 
importance with large machines for which no facilities 
may be available for testing. 

The Performance Curves that the Indwmor Enables 
One to Draw. Current, torque, speed, slip, input, 
output, efficiency, power factor, and magnetizing 
current. These may be obtained just as easily at a 
constant applied voltage as at a voltage which varies 
in any desired manner. 

The Factors Which May be Taken into Account 
and varied separately at will in the Indumor. Per 
cent magnetizing current; per cent primary and sec- 
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ondary resistance; per cent primary and secondary 
reactance; core loss; friction. 

Limits of Rating and Output. Like any other 
graphical device, the Indumor requires certain scales 
to be chosen for each particular problem. A convenient 
scale has to be selected for amperes, and another for 
volts. The device can represent the performance of a 
fractional horse-power motor as well as of one whose 
output runs into thousands of kilowatts; of a 110-volt 
machine as well as of one wound for 11,000 volts. As 
in any graphical device, there are limitations due toa 
finite length of the links. With a certain setting the 
device may give an accurate performance say between 
no-load and 1.5 times the rated current. If a heavier 
overload is desired a smaller scale may have to be 
chosen for amperes. 


B. GENERAL DESCRIPTION OF THE INDUMOR 


The first complete Indumor was built in the shops 
of Cornell University during the summer of 1921 and 
is shown in Fig. 1. The same device is shown as a 
single-line diagram in Fig. 8. It is made of flat steel 
bars, not over one cm. wide and a few millimeters 
thick. The lengths-of the principal members, between 
centers, in centimeters, are shown in Fig. 8. 
Some bars are of constant length, others are of adjust- 
able useful length, holes being drilled every few milli- 
meters. Most bars are connected to each other by 
means of pivot joints; others are set at a constant 
angle to each other by means of the protractors clearly 
seen in Fig. 1. ; 

The device is assembled on a table provided with two 
grooves, at right angles to each other. The ends 
of some bars are constrained to move in these grooves. 
Different bars have to be placed in different horizontal 
planes to enable them to cross each other without 
interference. In Fig. 8 the bars nearest to the table 
are marked 1, those immediately above them are marked 
2, etc. The particular sequence selected is not essential 
since the device is intended to represent a vector 
diagram in a plane. 

A detailed description of the functions of different 
parts is given below in connection with the theory of 
the Indumor. It suffices to state here that the device 
is set for chosen design constants at a certain load. 
The setting is done by selecting suitable scales for 
volts and amperes and adjusting the lengths of a few 
bars and the angles accordingly. The Indumor then 
represents a set of four simultaneous vectorial equa- 
tions which together characterize the machine, viz.: 

(a) The primary electric circuit; 

(b) The secondary electric circuit; 

(c) The main magnetic circuit; 

(d) The relationship between the induced e. m. f. 
the flux. 

After having been properly set, the kinematic 
combination becomesa system with one degree of freedom, 
that is, if any point of it is moved, all other points move 
in a perfectly definite manner. It is well known that 
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an induction motor at a constant applied voltage is such 
asystem. As the load varies, all the electrical charac- 
teristics and the speed vary in only one possible way. 
It differs in this respect from a shunt-wound direct- 
current motor in which the field current is a second 
independent variable, or a second degree of freedom. 

Having set the device, the lower knob is moved up 
and down in the groove. This causes all other members 
to assume new positions. For any position of the 
knob readings can be taken of the current, phase angle, 
torque, slip, output, etc., as in any brake test. Lengths 
are measured with an ordinary meter scale, and phase 
displacements may be either measured directly with 
the sighting goniometor shown in Fig. 9, or computed 
from the measured projections of vectors, as is explained 
below. oe 

The Principle of the Indumor. The device is based 
on the principle of ordinary dividers. , Let the two 
legs on a pair of dividers be denoted A B and BC, 
with the pivot at B. The length to be measured is 
AC, and A C can be varied at wil] by opening or closing 
the dividers, even though the length of the dividers’ 
legs is constant. 

Similarly in the Indumor the variable vectors are 
not represented by the bars themselves, but by the 
distances between the ends of two bars. The only 
vector directly represented by a bar is that of applied 
voltage because it remains constant. Thus, while 
the Indumor shown in Fig. 1 gives a complete vector 
diagram of an induction motor, the vectors themselves 
are represented only by imaginary lines connecting 
the ends of various bars. By drawing such lines the 
usual vector diagram is obtained, such as is shown in 
Figs. 3 and 4. 

At the 1918 Midwinter Convention of the Institute 
the author demonstrated another kinematic device, 
which imitated the performance of the polyphase 
series commutator motor (The Secomor, TRANS. A. I. 
EK. E., Vol. 37, p. 329). That device was based on 
the use of bars which directly represented vectors. 
The lengths were varied by means of slides movable 
along the bars. The Secomor required a separate 
setting for each point since it did not have constraining 
links. The Indumor is a more accurate and auto- 
matic device; once set correctly for one point it gives 
the whole range of operation of the machine, because 
of properly designed constraining motions. 


THE PERFORMANCE DIAGRAM OF A_ POLYPHASE 
INDUCTION Motor 

It is well known that for certain purposes a poly- 
phase induction motor may be replaced by an equiva- 
lent combination of resistances and reactances, as 
shown in Fig. 2 (see for example the author’s “Electric 
Circuit”, Chap. XII). In this diagram one phase 
only is represented; r,, x,, 72,,and 2», are the primary 
and the secondary resistances and reactances, the 
secondary quantities being reduced to the primary 
circuit, (see for example the author’s “Magnetic 
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Circuit”, p. 1383). The susceptance by is of such a 
magnitude that the current J,, passing through it is 
equal to the actual magnetizing current of the motor 
The conductance g, causes a joulean loss numerically 
equal to the primary core loss of the actual machine 
The mechanical load of the actual machine is a 
placed by an adjustable resistance R; the I.? R loss 


Fig. 2 


in this resistance can be made equal toa desired motor 
load. Strictly speaking, this load, in addition to the 
useful output, includes the friction, windage, and the 
secondary core loss. In approximate computations 
the friction and windage losses are sometimes taken 
into account in the conductance g, but it is better 
to subtract the mechanical losses from the total out- 
put. A still better approximation to the actual con- 
ditions could probably be obtained by using three 
shunted constant conductances, one across the line 
terminals A B, one across M N, and one between C 
and D. 

A combination of resistances and reactances shown 
in Fig. 2 gives nearly the same performance curves as 
the actual motor. Let a certain brake load be applied 
to the actual motor and let theresistance R of the equiva- 
lent combination be so adjusted that the primary 
current is the same as in the actual motor. Then it 
will’ be found that the primary input and the power 
factor are also the same and that the brake load is 
equal to 7.2 R watts, less the friction and windage. 

The slip, being equal to the percentage of secondary 
loss, can be computed as the ratio of r. to (R +71»), 
and checks very closely with the actually measured 
slip. The torque, in synchronous watts, is equal to 
the input into the secondary circuit and therefore is 
equal to I.2(R +72). The voltage Hy between M 
and N is a measure for the air-gap flux. Thus, all 
the important characteristics of the motor can be 
obtained from the equivalent diagram, either by test 
or by computation. 

For the operation as an induction generator, above 
synchronism, the resistance R should be assumed 
negative. At synchronism this resistance is infinitely 
great, and in the transition from motor to generator 
it jumps from + ~ to— ~. Then it remains negative, 
decreasing in its absolute value. Another way of repre- 
senting the generator range is to replace the resistance 
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R by a counter-e, m. f. Ey. At synchronism E, must 
be equal and opposite to the voltage E, between M 
and N in order to reduce the secondary current to 
zero. As the generator load increases, H. must be 
made greater than EH, always keeping E, in phase 
with the scondary current, I,, which is now reversed. 

The Vector Diagram. The relationships shown in 


(a) 


Fig. 2 are represented vectorially in Fig. 3, which is 
the familiar transformer diagram at non-inductive 
load. Beginning with the vector of the air-gap flux, the 
magnetizing current, J,,,is drawn in phase with it 
and the core loss component, J;, in quadrature with 
it. This gives the total exciting current, I, through 


Air-gap 
Flux 
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the shunted admittance between M and N in Fig. 2. 
This current leads the flux by an angle a. 

The voltage HE, balances the e.m.f. induced by 
the air-gap flux, and is therefore drawn in leading 
quadrature with it. The applied voltage consists 
of E, and of the parts J, r, and J, x, lost in the primary 
impedance. The voltage EH, is used up in the secondary 
circuit, partly in the impedance of the winding, partly 
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in the resistance R. The primary current, J,, is equal 
to the secondary current, Is, plus the exciting current 
To. 

We thus have the following ne fundamental vec- 
torial relationships which must be simultaneously 
fulfilled in the Indumor: 

(a) The geometric sum of Eo, J, 7;, and I; x;, must 
be equal to the applied voltage F. 

(b) After subtracting the vector J,2. from EK), 
the remainder, f b, must be in phase with I». 


Hie. 4 


(c) The geometric sum of J, and J, must be equal 
towl,. 

(d) I, must be proportional to Ey and the angle 
between the two must be constant. 

The diagram in Fig. 4 is identical with that shown 
in Fig. 3, except that some vectors are rearranged 
in order to simplify the construction of the Indumor. 
The direction of the secondary current, J,, is taken as 
the Y Y axis, and the triangle J, J, I; is drawn accord- 
ingly. The triangle bfe is turned back by ninety 
degrees, so that H, forms the angle @ with Jy, instead 
of (90°— a). Similarly, the quadrilateral built on 
the primary voltage EH, is turned back by ninety 
degrees, and is so placed that Hy is its common side 
with the triangle of secondary voltages. The vector 
I, R = E., which in Fig. 8 is parallel to I, is now 
perpendicular to I,, and chosen as the direction of the 
Ee AXIS: 

In Fig. 4, as well as in the Indumor, all the voltage 
vectors are turned back by 90 deg. with respect to their 
true positions in Fig. 38. Or else, the voltages in the 
Indumor may be said to be in their correct position, 
but the currents advanced in phase by 90 deg. This 
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must be borne in mind when measuring the phase angle 
between the primary current and voltage. The 
operation of the device is not otherwise affected since 
the currents and the voltages form separate closed 
figures. 

The reason for turning the voltages, or the currents, 
in the Indumor is that it is mechanically much simpler 
to make two lengths vary in a constant ratio when they 
are nearly in line with each other than when they are 
perpendicular to each other. Neglecting the core loss, 
the magnetizing current, Io, in Fig. 3 is at right angles 
and proportional to Hy. In Fig. 4 I, is nearly in phase 
with Ey, and proportional dividers have been developed 
which can keep the two vectors in a constant ratio and 
at a constant angle, when both vectors vary with the 
load. 

Figs. 4 and 8 can be directly compared, the corres- 
ponding quantities being denoted by the same letters. 
Thus, ad is the secondary current, ab is the primary 
current and db is the exciting current. The primary 
impedance drop is bc, the secondary reactive drop jis 


f Serew Pivot-Joint 
at n 


Detail o 
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ef, the applied voltage is ec, ete. Since the Indumor 
is based on the principle of dividers, all the variable 
vectors are measured between the pivot points™ of 
different bars and not along one and the same bar. 


THE KINEMATIC DETAILS OF THE INDUMOR 


Having established the relationship between the 
vector diagram in Fig. 4 and the linkages in Fig. 8, it 
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remains to show how the various points are constrained 
to move along certain paths in order that the four 
above-mentioned conditions remain fulfilled with any 
setting of the device. 


I. Proportional Dividers for the Primary Impedance 
Drop 

In Fig. 4 the primary current, J, = ab, and the 
primary impedance drop, I, z, = b c, are proportional 
to each other and their vectors are inclined to each 
other at a constant angle ,, where tan 6, = 21/21. 
Proportional dividers which permit this relationship 
to be realized are shown in Fig. 5, the corresponding 
points being also marked a, b, c. The three bars, a k, 
bk, and 1m, are of the same length between the centers. 
The shorter bars, kl, bm, and c’ m, are also of equal 
length. By means of protractors 1 and 2, the bars 
c’ mand k l are set at the desired angle, 4, to the longer 
bars, and are fastened in that position by means of 
slotted bars 5 and 6 and head screws 3 and 4. This 
makes the triangles b mc’ and akb similar to each 
other, with their corresponding sides inclined at the 
angle 6; to each other. By opening or closing the 
dividers, the distance ab may now be varied at will, 
and the distance 6c’ will always remain proportional 
to it and inclined at the angle 6, 

The desired length 6 ¢ is different from b c’, and point 
c is located by means of the bars cn’ and cp’, by 
making bp = pe and cn=c'’n. The holes in the 
upper bars are drilled and counter-sunk; those in the 
lower bars are drilled and tapped, as shown in the 
detail sketch. Machine screws are used at points p 
and n for fastening the bars together. These screws 
do not prevent a free rotation of the bars relatively 
to each other. The triangle 6 pc is similar to bmc’, 
so that bc also remains proportional to a b. 

The bars ak and kb must be long enough to allow 
the dividers to be opened for the greatest length a b 
of the vector of primary current for which the Indumor 
is designed. The shorter bars must allow a setting 
for the highest percentage of primary impedance drop 
that will ever be used with the apparatus. To illus- 
trate, let the total length of the bar ec (Fig. 8), which 
represents the primary applied voltage, be 150 cm., 
and let the highest primary impedance drop, that may 
ever be encountered under the extreme practical con- 
ditions, be say 10 per cent of the applied voltage. 
Then the length bc’, with the dividers fully opened, 
should be not less than 15 cm. Should a special 
motor have the primary impedance drop of over 10 
per cent, it is only necessary to use a shorter length 
for the primary terminal voltage. For example, 
with the vector of primary voltage 75 cm. long, an 
opening bc’ = 15 cm. corresponds to a primary im- 
pedance drop of 20 per cent. Any smaller value of 
primary impedance drop down to zero, can be obtained 
by properly setting the point c. 

When adjusting the dividers it must be remembered 
that the reactive drop is set in phase with the current, 
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and the ohmic drop in quadrature with it, because 
in the Indumor the currents are turned by 90 deg. 
with respect to their true position in Fig. 3. The 
dividers just described are denoted in Fig. 8 by the 
same letters. 


IT, Proportional Dividers for the Secondary Reactive 
Drop 

In the Indumor the secondary reactive drop is taken 
into account separately from the secondary resistance 
drop, because the latter is used in measuring the slip 
and must therefore be represented by a separate 
length. In the primary circuit the resistance drop and 
the reactance drop are combined into one vector which 
is represented by the above described proportional 
dividers. , 

The proportional dividers for the secondary circuit 
are simpler than those for the primary circuit, since 
their only purpose is to give a length J, x, proportional 
to J, and in line with it. It will be remembered that 
in the Indumor the voltages are turned by 90 deg. 
with respect to their true position in Fig. 3, so that the 
reactive drop is in phase and not in quadrature with 
the current. 

When the two protractors in Fig. 5 are set on zero, 
the segments a b and bc lie on the same straight line, and 
such a device can be used for the secondary current 
and reactance drop. The protractors, the slotted 
bars, and the head screws, can be omitted altogether 
and the members ak and kl made of one piece of. 
steel. Similarly, c’m and ml can be made of one 
piece. If now the larger opening, ab, of such simplified 
proportional dividers be applied between points a and d 
(Fig. 4), the smaller opening, bc, when properly set, 
will give the length d w, equal to the secondary reactive 
drop. This length is transferred into the position ef 
by means of the parallel double-tongs described under 
III below. 

The secondary proportional dividers are shown in 
Fig. 8 in their actual position. The secondary current 
is ad and the corresponding reactive drop is dw. 
The three long bars are ar, rw, and qd. The shorter 
bar is du. Holes are drilled and tapped in some of 
these bars (Fig. 1) so that dw can be made of any de- 
sired length. The dividers simply consist of two similar 
triangles, ar w and dww, held together by the bar 
qd so as always to keep the sides dw and ar of the 
triangles parallel to each other. 


III. Parallel Double-Tongs 


The secondary reactive drop dw (Fig. 4) obtained 
by means of the proportional dividers, has to be trans- 
ferred to the position ef at the end of the vector EF). 
As the load varies, the distance between d and e also 
varies, both in magnitude and in direction, so that 
it is necessary to connect the points d, w, and e, by 
means of an adjustable translating device, whose fourth ' 
point would give the correct position of point f. 

Such a device, which might be called “parallel double-: 
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tongs,” is shown in Fig. 6 in two positions. The four 
end-points are lettered d, w, e, and f, to correspond to 
Fig. 4. The construction of the device is such that 
fe is always equal and parallel to wd. If fe be kept 
constant and stationary, the tongs will allow only 
such displacements of the points w and d at which 
the distance wd remains equal and parallel to itself, 


Fig. 6 


as shown by the dotted lines. If fe be varied in 
direction and in magnitude, wd will vary accordingly. 

The device consists of eight pivoted members. 
There are two short bars of equal length, marked J, 
two equal bars, JJ, of intermediate length, and four 
long bars, JIJ, of equal length. The length ww’ 
between the centers must be equal to dd’, and w’ w” 
must be equal to d’ d’. The pivot joint o must be 
at the center of both long bars which it connects. In 
other respects the dimensions of the device are arbi- 
trary and depend upon the range of the distances 
which it is designed to cover. A given distance may 
also be connected between f and w, instead of between 
f and e, and an equal and parallel distance is then 
maintained between e and d. 

The parallel double-tongs are shown in Fig. 8 be- 
tween the points d, w, e, and f, and are marked with 
the same letters as in Fig. 6; they may also be seen 
in Fig. 1. In the actual use of the Indumor it 
has been found convenient to have two pairs of 
tongs, one for larger distances, when a long bar is used 
for the applied voltage, and one for shorter distances, 
for use on overloads and near the starting point of 
the motor, at a reduced terminal voltage. When the 
limit of one pair of tongs has been reached they are 
removed and the other pair is slipped in its place. 

The proof of the parallel double-tongs is as follows: 
Let point o be kept stationary, and let point f occupy 
any desired position. The vectors of and od are equal 
and opposite because of the chosen lengths of the links. 
Similarly the vectors 0 e and o w are always equal and 


opposite; they are also independent of the other half 
of the device. Thus, the triangles of e and owd are 
equal and turned by 180 deg. with respect to each 
other. Hence, the vectors fe and wd are equal and 
parallel. 
IV. Proportional Dividers for the Magnetizing 
Current 
In Fig. 4 the magnetizing current, Io, is drawn at a 
constant angle a to the voltage Ey. As the load varies, 
both E, and I, vary, but their ratio remains constant 
(neglecting magnetic saturation). As shown in Figs. 
2 and 3, the value of the angle a is determined by the 
relationship 
banca Jo/bo (1) 


Generalized proportional dividers which permit Jo 
and EH, to vary while satisfying these conditions, are 
shown in Fig. 7. The lines bd and be have the same 
meaning as in Fig. 4. By turning Fig. 7 by 90 deg. 
so that point 6 is on top, it will readily be seen that 
these proportional dividers are practically identical 
with those shown in Fig. 5, except for somewhat differ- 
ent proportions. Therefore no new proof is needed 
for the fact that the triangle eb d remains similar to 
itself as the dividers are opened or closed. These 
dividers are shown in the assembly (Fig. 8) marked 
with the same letters as in Fig. 7. 

The angle which corresponds to 6, in Fig. 5 is denoted 
by @ in Fig. 7, and the protractors are set for this 
angle. It will be seen that angle £ is different from 
the required angle a at b. Since the device is intended 
to represent angle a, it is necessary to know the 
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relationship between a and (£. This simple relation- 
ship may be obtained either graphically or analytically. 

Graphical Solution. On a sheet of paper lay off 
any reasonable value of eb and draw the line 6b’ 
at the angle a to it. Also draw the perpendicular 
bisector e’ h’ to eb. Loosen the head screws 9 and 10, 
place the ends of the dividers on points e and 6, place 
point h on e’h’ and point g on bb’. The readings on 
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the two protractors should then be equal and the 
headscrews should be fastened in this position. As a 
check, the angle e g b’ should be also equal to £. 

Analytical Solution. From the triangle e b g we have: 

gb/eg = sin(B— a)/sna (2) 
From the similar triangles eg 7 and g 67 we have: 

g b/e g= Tonalas (3) 
Equating the right-hand sides of eqs. (2) and (3), 
and solving for sin (8 — a), we get 

sin (8 — a) = (L,/L2)/sin a (4) 
The right-hand side of this equation contains known 
quantities only, hence the angle (3 — a) can be found 
from trigonometric tables and thus ( determined. 
For given dividers, with constant lengths L, and Lz, 
it is convenient to plot once for all a curve of values of 
@ against values of tana as abscissas, the values of 
tana being given by eq. (1). It is also possible to 
mark directly on the protractors values of a opposite 
the corresponding values of £8; then no computations 
whatever are necessary. 

The dimensions of the dividers shown in Fig. 7 
are determined by the desired maximum length of 
the bar ec (Fig. 8) which represents the applied voltage 
H,. For example, if ec is never greater than 120 cm. 
then the dividers must have a maximum opening 
between b and e of about the same length, because 
at no load the voltages H) and E, are practically equal. 
The maximum opening 0g depends upon the largest 
desired value of magnetizing current. If the maxi- 
mum length of the vector of primary current at the 
rated load is to be, say 100 cm., and if the magnetizing 
current in an extreme case amounts to 40 per cent 
of that, then the maximum opening bg should be 
about 40 cm. Should the magnetizing current in an 
unforeseen case amount to over 50 per cent of the full- 
load current, the scale of primary current for that 
particular machine may be so chosen that the rated 
current be equal to say 70 cm. Then a vector of 
magnetizing current 40 cm. long can be obtained on 
the dividers, and is over 50 per cent of therated primary 
unre tiie 
V. Grooves for Keeping the Secondary Current and 

Secondary Voltage at Right Angles to Each Other 

It will be seen in Fig. 4 that the vector of secondary 
current, I:, is always perpendicular to the external 
voltage drop, I, R, and to the drop I, 7, in the rotor 
itself. As the load varies, the magnitudes and the 
relative positions of the vectors ad and fb vary, but 
the vectors remain normal to each other. The author 
has not succeeded in devising any simple kinematic 
linkage that would keep two variable vectors at right 
angles to each other while leaving them otherwise inde- 
pendent of each other. He therefore uses two perpen- 
dicular grooves cut in the table or drafting board on 
which the Indumor is placed. These grooves are 
marked X X and Y Y in Fig. 8 and are plainly visible 
in Fig. 1; their center lines also serve as axes of: co- 
ordinates. 
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The points b and f (Figs. 4 and 8) are made to 
move in the groove X X, and the points a and d in 
the groove Y Y. Each point is guided in the groove 
by a horizontal roller. The required condition of 
perpendicularity of the two vectors is thus fulfilled 
without interfering in any other way with the free 
motion of the four points. 

The advantage of the grooves over a linkage is that 
they are below the surface of the table, and do not add 
to already numerous bars which must be spaced in 
different horizontal planes. The disadvantages of 
the grooves are (a) the device requires a special table 
and (b) the rollers sometimes bind in the grooves and 
the bars have to be moved slowly. 


VI. The Slip Triangle 


In Figs. 4 and 8 the length fb is equal to the sum 
of Isr. and I, R. In order to compute the slip and 
the output of the motor, it is necessary to measure 
separately the length ff’ = I. 72, because the slip 

s=ff'/fb =12/(h + ro) 
and the output is 

Py= hey = ad .f'b (6) 
A separate triangle, eyz (Fig. 8), is cut out of ordinary 
cross-section paper and is used to measure the length 
ff’. The angle 6, is such that 

tan 0s = 2/%s (7) 

This triangle is placed with one of its sides in the 
direction ef, as shown in Fig. 8, and the length f f’ 
is read off directly. 

The length fb is measured with a meter scale, and 
the torque, in synchronous watts, is computed from 
the equation. 

T = I, (BH, + Ipr2)-= 


(5) 


GD 


THE USE OF THE INDUMOR 


(8) 


The separate parts of the Indumor are assembled 
as shown in Figs. 1 and 8; the bar ec, which represents 
the constant applied voltage, serves as the closing 
link. This bar is provided with several holes, so that 
a voltage scale can be selected which best suits the 
constants of the motor and the desired region of opera- 
tion. Actual experience seems to indicate that a 
long bar ec gives better results on light loads and up 
to the rated current, while shorter lengths are more 
suitable for representing overload conditions. A selec- 
tion of the length ec determines the voltage scale. 

For a three-phase motor, the star or Y voltages and 
currents can be used, and the results for the input, 
output and torque later multiplied by three. The line 
voltage and delta currents can also be used if desired, 
or the line voltage and the total equivalent single- 
phase current. In this respect the Indumor can be 
treated like any vector diagram of a balanced poly- 
phase circuit. 

For a motor of given voltage and rating, the limits 
of primary current between no-load and a reasonable 
overload can be readily estimated, and a current scale 
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can be selected that will permit a free motion of the 
lin’: within the range of the device. 

Knowing the primary resistance and reactance of the 
machine, the primary proportional dividers (Fig. 5) 
are set by adjusting the two protractors and the links 
¢m’ and ¢ p’, as explained above. Knowing the rotor 
reactance, the secondary proportional dividers are set 
accordingly. The slip triangle eyz is cut out to 
correspond to the given or assumed rotor resistance. 

If the total leakage reactance has been computed 
from a short-circuit test, the parts to be assigned to x, 
and to «2 cannot be ascertained, and in ordinary cases 
the total reactance is divided about equally between the 
primary and the secondary circuit. To the writer’s 
best knowledge, there is no way of separating the two 
reactances from the no-load and short-circuit testsalone. 
The separation can be done if in addition a set of 
readings is given at some load, preferably at a con- 
siderable slip. For a motor which is being newly 
laid out, the two reactances can be separately estimated 
by the designer. 

From the no-load readings of the machine the pro- 
portional dividers shown in Fig. 7 can be set for the 
proper angle a, as is explained above. It is more 
nearly correct to allow in the angle a only for the 
primary core loss, and to subtract the friction and 
windage losses from the total output computed from 
eq. (6). The magnetizing current at no-loadis known, 
and E, is practically equal to H,. Therefore, by open- 
ing the dividers (Fig. 7) to the length of the applied 
voltage, the position of point d can be ascertained. 

The device has now been completely adjusted for a 
motor of given constants, and can be set for any de- 
sired current or slip by moving the knob, a in the 
slot Y ¥. At any position of the knob, all or some 
of the following readings can be taken, depending 
upon the purpose in view: 

*Primary current, a b. 

Primary impedance drop, 6 ¢. 

Voltage Ey corresponding to the air-gap flux, e b. 

*Secondary current, ad. 

Secondary reactive drop, ef. 

*Secondary ohmic drop, f f’. 

Secondary impedance drop, e¢ f’. 

Exciting current, d b. 

Magnetizing component of the exciting current, 
projection of db on eb. 

Core loss component of the exciting current, distance 
of d from e b. 

“The energy component of the secondary voltage, cD. 

*Angle between J; and £). 

Projections of E, on X X and Y Y. 

Projections of J, on X X and Y Y. 

Any other angles between vectors that may be of 
interest. - 

For obtaining the usual performance characteristics 
of the machine, only the quantities marked with an * 
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need be measured. From these quantities the follow- 
Ing results can be computed: 

Volt-ampere input 

Power input 

Primary power factor 

Slip, eq. (5) 

Secondary output, eq. (6) 

Torque, eq. (8) 

Separate losses 

Efficiency. 

If the angle a (Fig. 7) has been set to account only 
for the core loss, then the expressions for the output 
and the torque include the friction and windage which 
must be subtracted if net values are desired. 


Fig. 9—SIGHTING GONIOMETER 


The phase angle between EH’, and J, may be measured 
directly with the sighting goniometer shown in Fig. 9; 
or else a protractor may be used for determining the 
angles which each of these vectors forms with one of 
the axes of coordinates. The phase angle may also 
be computed from the measured projections of J, and 
E, upon the axes X X and Y Y. In any case it must 
be borne in mind that in the Indumor the angle be- 
tween these two vectors is complementary to the actual 
phase angle (compare Figs. 3 and 4). 

In order to compute the phase angle from the pro- 
jections of the vectors it is necessary to assume some 
positive directions of the axes. Let, for example, 
in Figs. 4 and 8 the X-direction be positive to the 
reader’s right and the Y-direction be positive upward. 
Let the projections of the current vector, J,, on these 
two axes be 7 and 2’ respectively, and those of H,, in 
its true position (Fig. 3), be e and e’. Let the actually 
measured projections of the H, bar in the Indumor be 
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E, and E,. We then have, by advancing EH, by 90 
degrees, 
e.=-H, 
(9) 
Monell O78 
The phase angle ¢, is computed from the familiar 
formula (e’/e) = (1’/%) 
CA Gp gee ate ieee ae) 
1 + (e’/e) (2’/2) 


See for example the author’s ‘“‘Electric Circuit,” p. 91, 
eq. (144). The positive and negative signs of the pro- 
jections must be carefully observed. 

The power input can be computed either from the 
expression E, I, cos ¢:, or from the same projections 
of the vectors, using the formula 

P,=er1+e'r’ 
(ibid., eq. 143). 
INDUMOR IN THE GENERATOR RANGE 


The operation of an induction motor as a generator 
may be characterized in the equivalent diagram (Fig. 2) 
by the phase reversal of the secondary current I>. 
Therefore, a continuous transition from motor to gener- 
ator would be possible in the Indumor if the knob a 
(Fig. 8) could be pushed upward beyond the groove 
X X. The proportional dividers would not allow such 
a motion, and therefore the generator range has to 
_ be obtained with a below the X X line. This is 
done by simply considering the actual Indumor as an 
image of a fictitious one, X X being the reflection line 
taken as a plane mirror. 

Let, in Fig. 4, a point, say a’, be selected on the Y Y 
axis above the X X axis, and let a complete vector 
diagram of currents and voltages be drawn, following 
exactly the method used for the point a below the X X 
axis. The new diagram will givean operating condition 
of the machine working as a generator. Let now an 
image of the new diagram be drawn below the X X 
axis, as if this axis were a plane mirror. Comparing 
this image diagram with one actually shown in Fig. 4 
for the motor range, it will be found that the two differ 
from each other only in the direction of the vectors of 
primary and secondary ohmic drop, J,7; and I2 7s. 
The vectors of ohmic drop in the generator “image’’ 
diagram are drawn in the opposite directions from those 
in the motor diagram. 

This relationship gives a simple method of using the 
Indumor for the generator range. It is only necessary 
to set the two protractors in Fig. 5 for a negative 
angle @,, and to turn the triangle ey z (Fig. 8) about 
ey so as to get a point f’ to the left of f; this will give 
a negative slip. 

A watch placed horizontally in front of a vertical 
mirror seems to run counter-clockwise when observed 
in the mirror. Similarly, a counter-clockwise vector 
diagram of the generator, when reversed into its image, 
becomes a clockwise diagram. This fact must be 
kept in mind in the interpretation of the results when 
operating the Indumor as an image of the real diagram. 


(10) 


(11) 
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IMPROVEMENT OF POWER FACTOR AND SPEED CONTROL 


In Fig. 2, to the right, a separate sketch (a) shows the 
equivalent secondary circuit of an induction motor to 
which an external alternating e.m.f., EH, has been 
added. It is well known that the magnitude and the 
phase angle of this external e. m. f. may be so chosen 
as either to change the speed of the motor or to improve 
its power factor, or both. This usually requires either 
an additional commutator machine or a conversion 
of the induction motor itself into a polyphase com- 
mutator motor. 

Fig. 10 Shows a corresponding adaptation of the 
Indumor to a polyphase machine in which an external 
e.m.f., E;, has been added to the secondary circuit. 
The lettering is the same as on the left-hand side of Fig. 8. 


Fie. 10 


The added e. m. f., E'3, is represented by the vector ee’. 
The extremity of the vector EH, and of the proportional 
dividers for Ey are transferred from e to e’. Otherwise 
the device remains the same. Electrically this means 
that the voltage Hy is now balanced by the geometric 
sum of I, (R + 12), Io 2%, and E3. 

In Fig.8 the primary current, J,, lags by a considerable 
angle behind E,, when the latter is turned by 90 deg. 
forward into its real position. In Fig. 10 the bar E, 
has been turned back sufficiently to bring the true 
vector £, almost into phase coincidence with J,, thus 
raising the power factor of the machine almost to unity. 
By taking FE in the direction of the X X axis the speed 
of the induction machine may be varied economically 
within wide limits. 

The additional linkage ee’ has to be connected to 
the rest of the device in accordance with the nature of 
the external e.m.f. H;. For example, if this e. m. f. is 
constant in magnitude and forms a constant phase 
angle with H;, then ee’ is simply another bar rigidly 
connected at a certain angle to the bar E,;. This is 
the case in a shunt-excited polyphase commutator 
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Bees ee eae a males srDlied to the stator and E; 
rate iature brushes. We thus obtain 
vice which may be called the 
Shucomor (an abbreviation of the words “shunt com- 
mutator motor’’), 
_ When a serles-wound polyphase commutator motor 
is connected in series with the rotor windings of an 
induction motor, as is sometimes the case, the e. m. f., 
E;, of this motor is proportional to the secondary 
current J, and the phase angle between the vectors EB; 
and J; is constant. In this case EH; can be represented 
on the Indumor in the same manner as J. x» or I wae 
The secondary proportional dividers must be provided 
with two protractors, like the primary dividers, and 
I; 2%. and EF; combined into one vector whose length 
is determined by the opening of the dividers which 
give I. 

The author hopes to report later more in detail 
upon these additional possibilities of the Indumor 
in the study of polyphase commutator motors. As a 
matter of fact, he started to develop a ‘‘Shucomor,”’ 
and the Indumor came out as a first attempt in this 
direction. 

An interesting computing device has been described 
by Prof. R. G. Warner in an article entitled ‘Induction 
Motor Nomogram,”’ in the A. I. E. E. JourRNAL for 
October 1921 (Vol. 40, p. 808). The device is based 
on the simple circle diagram and gives directly the 
numerical data for performance characteristics of three- 
phase 60-cycle induction motors. It is hoped that 
engineers interested in induction motor characteristics 
will investigate the relative advantages and disad- 
vantages of the Nomogram and the Indumor, and will 
find out by actual experience the particular field of 
usefulness of each. 

The development of the Indumor has been made 
possible through the generosity of Mr. August Heck- 
scher of New York City, who gave to Cornell University 
a special fund the income from which is used for the 
promotion of research. To him the author’s sincere 
gratitude is due. The device has been in a preliminary 
stage of development for some years previous to the 
grants from the Heckscher Foundation, and several of 
the author’s students as well as the mechanicians 
of the College of Engineering have contributed gen- 
erously of their ideas. The author wishes to express 
his appreciation to them all. 


A census of all the persons engaged in safety and 
industrial health work in the public utility industries, 
as well as all persons engaged in these activities in every 
other industry andin public safety work, is being taken 
by the National Safety Council. This is the first time 
that any attempt has been made to list the thousands 
of people who are engaged in the safety movement, 
and the census will therefore be of special interest. 
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MODULATION PHENOMENA IN RADIO- 
TELEPHONY 


The apparatus now used for transmission in radio- 
telephony uses three-electrode electron tubes as an 
essential part of the equipment, with the exception of 
a few high-power stations which use high-frequency 
alternators. The development of small and compara- 
tively inexpensive radiotelephone transmitting equip- 
ment has been made possible only by the rapid develop- 
ment of the electron tube. The use of radiotelephony 
is now being rapidly extended, and it is being used for 
the broadcasting of news of different kinds, such as 
weather and market reports. 


In radiotelephony a wave of a radio frequency such 
as a million cycles per second is varied in amplitude or 
“modulated” at audible frequencies such as 1000 cycles 
per second, in accordance with the wave form of the 
sound which is being transmitted. The device by 
which this modulating process is accomplished must 
respond instantaneously to the variations of the im- 
pressed sound wave, and must therefore have negligible 
inertia, in order that sound may be transmitted without 
distortion. The electron tube is a device which answers 
these requirements, since the electron stream will 
respond instantaneously to variations in the audio- 
frequency wave. The phenomena occurring in cir- 
cuits for modulating radio-frequency currents may 
become very complex, and require careful study. 
Three principal methods of modulation in electron 
tube radiotelephone transmitting sets are recognized: 
First, by variable absorption of the output power of a 
generator of radio-frequency current, as by inserting 
a microphone in the antenna circuit; second, by vary- 
ing at speech frequencies the operating grid voltage 
of a tube generating radio-frequency current; third, 
by varying at speech frequencies the input plate voltage 
of a tube generating radio-frequency current. The 
third method is often referred to as ‘“‘plate modula- 
tion,” and is the method used in commercial and 
military types of apparatus in the United States. 
Plate modulation is superior to the other methods in 
many respects. 


Studies have been made at the Bureau of Standards 
of the phenomena of modulated radio-frequency waves, 
and the relative advantages of different methods of 
modulation and different circuits. The apparatus used 
in radiotelephone transmitting sets employing plate 
modulation has been analyzed as consisting of four 
units—the source of direct current, the modulator unit, 
the generator unit, and the radiator unit. Oscillo- 
graphic studies have been made. Results of these 
studies are contained in a publication of the Bureau of 
Standards just issued, Scientific Paper No. 428, Opera- 
tion of the Modulator Tube in adiotelephone Sets, 
by E. S. Purington. 
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Submarine Cable Telegraphy — 


BY J. WILLARD MILNOR 
Associate, A. I. E. E. : 
Research Engineer, The Western Union Telegraph Company 


The history of the development of the subject is first outlined, and methods of operation of cables are described. 
The technical side is introduced with a statement of the various conditions whi h limit operation of cables, and a general 


method of analysis is developed, based upon an extension of ordinary alternating-current theory. 
use of to analyze the action of cable types and of apparatus which at this time can be regarded as standard. 


The theory is made 
The funda- 


mental theory of the method of analysis, with information on the calculation of transients in electrical circuits, is given 


in the Appendix. 


HISTORICAL 


HE feasibility of submarine cable telegraphy was 
T suggested by Salva, a Spaniard, as early as 1795. 
The first actual experiment seems to have been 
made in 1803. In the period covered by the next 
forty years, numerous experiments were carried on in 
different parts of the world for the purpose of demon- 
strating the possibility of submarine telegraphy. In 
'1842,. Morse transmitted signals over a short section 
of insulated wire laid in the New York Harbor. The 
eonductor used in this experiment was insulated by 
covering it with hemp soaked in tar and pitch, and 
surrounding this with india-rubber. The introduction 
of gutta-percha as an insulator and the invention of a 
machine for applying it to wire, gave a decided impetus 
to the experiments being carried on. 

The first commercial attempt to establish electrical 
communication by submarine cable was in 1850, when 
a cable was laid between England and France. This 
cable was broken, however, shortly after communica- 
tion was established. The cable used in this attempt 
consisted of a No. 14 copper wire’ surrounded 
by gutta-percha to a thickness of one-half inch. The 
failure of this cable:due to its physical weakness led to 
the design and laying of an improved type between 
Dover and Calais in 1851. This cable consisted of 
four No. 16 copper wires, each covered with two 
layers of gutta-percha to the size of No. 1 gage. These 
insulated wires were armored with ten No. 1 
galvanized iron wires wound spirally. This cable 
proved to be successful, and in the next few years a 
number of cables was laid between England and 
adjacent shores, between Denmark and Sweden, and 
in the Mediterranean Sea. 

The first attempt to lay a cable across the Atlantic 
was in 1857. This attempt ended in failure when the 
cable broke in 2000 fathoms of water, at a point about 
350 miles west of Valentia, Ireland. As at that time 
there were no means of recovering a cable in deep water 
this project was abandoned. In August 1858 the same 
company, The Atlantic Telegraph Company, completed 
the laying of a cable. This cable was operated for 
about three months, when it became interrupted, and 
no attempt was made to repair it. In the years 1865 
and 1866 The Atlantic Telegraph Company laid two 
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new cables. The first cable broke when it was about 
two-thirds laid. The second cable was then success- 
fully laid, and soon afterward the end of the first cable 
was picked ‘up with much difficulty and its laying was 
completed. These cables were operated with no 
competition until 1869 when the French Atlantic 
Telegraph Company opened a cable for traffic.. With 
the success of the Atlantic cables established, the 
growth of submarine cable systems was rapid, until 
in 1914.there were seventeen cables across the Atlantic 
between North America and Europe alone, and there 
was then an aggregate of about 2000 cables in the world, 
comprising a total length of over 300,000 miles. 

The use of gutta-percha as an insulator was adopted 
at the very inception of submarine cables, and it is 
still almost universally: used for long cables. 

The necessity for a protective armor for submarine 
cables was demonstrated by the failure of the first 
cable laid in the English Channel. Since that time 
cables have been provided with a protective armor 
consisting of a number of iron or steel wires wound 
spirally around the core. The design of the armor was, 
of course, changed from time to time as experience 
demonstrated the desirability of improvement. 

Even before the first Atlantic cable was laid it 
was realized that a very sensitive instrument would be 
necessary for the successful reception of signals on 
long cables. Early in 1858 Prof. William Thomson, 
later Lord Kelvin, perfected an invention that was 
destined to fill this need. This instrument known as 
the mirror galvanometer, consisted of a small perma- 
nent magnet, with a small mirror fixed to it, suspended 
by silk fibers and surrounded by a coil of fine wire. 
By reflecting a light from the small mirror to a screen, 
a greatly magnified image of the coil movement was 
obtained. When the 1858 cable was completed, tests 
showed that signals transmitted with a battery of 
Daniell cells could be successfully received with the 
mirror galvanometer. However, when the cable was 
turned over to the electrician for working, he, believing 
that a high voltage was best suited for signaling, used 
a large induction coil, excited by a battery, which 
yielded a potential estimated at about 2000 volts. 
Under the strain of this voltage, the insulation began 
to break down and the signals gradually failed. The 
mirror galvanometer and Daniell cell battery were then 
substituted and the cable was successfully worked for a 
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short time until the cable finally failed completely, 


It was the opinion at that time that the high voltage 


used at first had partly broken down the insulation of 
the cable, and that the faults thus opened gradually 


became worse until the insulation failed completely. 


The mirror galvanometer, with improvements from 
time to time, was used universally on long cables for a 
number of years. In 1867 the siphon recorder was 
invented. This instrument, which had the advantage 
of supplying a permanent record of the signals as re- 
ceived, gradually replaced the mirror galvanometer, 
and in its improved forms it is now largely used in the 
operation of long cables. Previous to 1871 cables 
were operated in one direction only, but in that year 
the duplex system was introduced, which permits the 
use of the cable for simultaneous transmission in both 
directions. Other more recent developments of opera- 
ting apparatus include cable relays, automatic trans- 
mission, and cable magnifiers, the latter being intro- 
duced about 1908. These developments will be 
described later. 

The maximum operating speed of the 1858 cable 
before it failed was about 15 letters per minute. When 
the cable was first opened it required about thirty hours 
to transmit a message of 150 words from President 
Buchanan to -Queen. Victoria. It is interesting to 
note that at that time the minimum rate on a message 
from New York to London was £20 for a twenty-word 
message and £1 for each additional word. From that 
time until the present, improvements in the cable 
systems have been such that it is now possible to 
duplex a good Atlantic cable with an operating speed 
of 300 letters per minute each way; and the operating 
economies effected have been such that the maximum 
cable rate between New York and London is now 
twenty-five cents per word. 

CONSTRUCTION AND LAYING OF CABLES 

The make-up of a typical deep-sea submarine cable 
is shown in Fig. 1. The conductor is made up of 
stranded copper wires, or of copper strips. The actual 
size of the conductor and of the insulation is determined 
by the operating characteristics desired. 

As previously stated, the insulation generally used 
in submarine cables is gutta-percha. Gutta-percha is 
derived from the milky sap of gutta trees. The sap 
of several different species of trees is suitable for con- 
verting into gutta-percha, the quality of the gum from 
some species being better than that from other species. 
These trees are found principally in the Malay Islands 
and Peninsula and in Borneo. The sap is collected 
from incisions in the bark of the living tree, or by strip- 
ping the bark. The gutta is roughly cleansed after 
its collection, and is coagulated into solid cakes in 
which form it is imported. In the manufacture of the 
finished product, the gutta must be further purified 
and treated before it is suitable for use as insulation. 

- Another form of insulation, known as “balata”’ or 
“sutta-balata,” is derived from the sap of a species 
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of trees found in some parts of South America. This 
has been used in combination with gutta-percha in 
short telephone cables, and possesses distinct advan- 
tages for that purpose. The possibility of using balata 
for long submarine telegraph cables has been suggested. 

Rubber has also been used for insulation of submarine. 
cables, notably for the cable connecting the United 
States and Alaska. This material is somewhat inferior 
to gutta-percha for the purpose. 

It is necessary to protect the gutta-percha from 
damage by the iron sheathing by placing some sort of a 
cushion between them. In modern cables this cushion 
Is generally made up of several layers of jute. Jute 
consists of the bark fibers of two plants called the 
“chouch” and “isbund,” extensively cultivated in 
Bengal. The jute is usually tarred or tanned before 
being used on a cable. 

In order to protect the core of the cable from damage 
after being laid, it is necessary to provide a layer of 
sheathing or armor wires. These wires also serve to 
support the cable while being laid, and in case it is later 
necessary to lift the cable for repairs. The design 
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depends upon the type of cable—whether deep-sea, 
intermediate, or shore-end—and in general consists 
of a number of galvanized iron or steel wires wound 
spirally. The shore-end types of cables may have two 
layers of sheathing wires. As a _ preservative, the 
sheathing is covered with a layer of jute. 

The route for the cable is so far as practicable chosen 
to avoid deep water, sudden changes in depth, and 
rocky bottoms. The greatest depth of transatlantic 
cables is 2.9 statute miles; across the Pacific the cable 
depth reaches 3.4 miles. 

The manufacture of submarine cables has been largely 
a British industry due to their early interest in and need 
of a communication system between the various parts 
of the Empire. The Alaskan Cable is the only long 
submarine cable that has been manufactured in the 
United States. 

MODERN OPERATION AND APPARATUS 


The following description of apparatus used in 
regular operation of cables does not aim at being 
complete. Many devices are developed from time to 
time for application to cables; some of these are of 
permanent value and others are of only passing. in- 
terest. It is the purpose to describe here only some 
of the important appliances which may be regarded 
as standard. 

Duplex Operation. Generally speaking, a greater 
output can be obtained by duplex operation of a cable 
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than by operating in one direction only. Accordingly, 
cables are ordinarily worked duplex except in cases 
where it is impossible to maintain a satisfactory 
duplex balance. 

In order to duplex a cable, it is necessary to provide 
some arrangement by which the receiving instrument 
‘is not responsive to outgoing signals, while at the same 
time it must respond to signals coming from the distant 
end. There are two common methods of duplexing a 
communication circuit, both of which involve the use 
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of an artificial line. These two methods are illustrated 
1M High: 

In the differential system of duplexing, the coil of 
the receiving instrument has two separate windings. 
These are so joined to the cable circuit that in trans- 
mitting, the currents in the two windings are equal 
in magnitude and opposite in direction, thus causing 
no effect in the local receiving instrument; while currents 
from the distant station pass through the two coils 
in the same direction, and cause the receiving instru- 
ment to respond. 

The bridge method of duplexing employs the prin- 
ciple of the Wheatstone bridge, and is almost univer- 
sally used for cable working. There is some latitude in 
the arrangement of the bridge; thus the two condensers 
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may be replaced by resistances or by inductances—the 
latter arrangement being used by some cable companies. 
Another plan is to use condensers shunted by high 
resistances. The use of condensers appears to have 
advantages for high-speed working of cables, in that 
it results in better shaped signals. 

The Standard Cable Code. The continental Morse 
code is mostly used for operation of submarine cables. 
The method of distinguishing dots and dashes is 
ordinarily different, however, from that in land-line 
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or wireless telegraphy. In land-line or wireless opera- 
tion the difference between dots and dashes is one of 
duration, the dash being about three times as long as 
the dot. In submarine telegraphy the dots and dashes 
are of the same duration but of different polarity. 
Dots are formed by applying positive potential to 
the cable; dashes by applying negative potential. The 
spacing intervals are obtained by earthing the cable, 
the zero interval between letters being one unit, and 
between words usually three units. Fig. 3 shows the 
alphabet as received on a siphon recorder tape. 

Transmitting Apparatus: The Cable Key. For signal- 
ing on the cable it is necessary to apply positive, 
negative or zero potential to the sending end of the 
cable in various combinations as explained above. In 
manual signaling a special double-lever key known as 
the cable key is used. This is shown in theory in Fig. 2. 
In the normal position of the cable key, both levers are 
up, thus grounding the cable. When the dot lever 
is depressed, positive potential is applied to the cable, 
and when the dash lever is depressed negative poten- 
tial is applied to the cable. 
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Manual transmission is employed chiefly in con- 
versations between stations relative to the operation 
of the circuit. 

The Automatic Transmitter. In handling commercial 
messages a motor-driven automatic transmitter is 
commonly used in place of manual transmission. 

A paper tape is first prepared with perforations cor- 
responding to the message to be transmitted. A 
sample of this tape with perforations corresponding to 
the letters of the alphabet is shown in Fig. 4. The tape 
is passed through the automatic transmitter at the 
desired speed. The keys shown in Fig. 2 are con- 
trolled magnetically from contacts in the transmitter, 
these contacts in turn being operated in correspondence 
with the perforations in the tape. 

A device known as a perforator is used in preparing 
the paper tape. The modern perforator has a keyboard 
similar to an ordinary typewriter and is operated 
similarly. An electrical solenoid furnishes the power 
for punching the holes, and the tape is automatically 
stepped forward. 

Receiving Apparatus: The Siphon Recorder. This in- 
strument is generally used in the recording of received 
cable signals. It is in principle a D’Arsonval gal- 
vanometer, with a moving coil suspended between the 
poles of a strong magnet (Fig. 5). The coil is in the 
form of a rectangle, a common size being 6 cm. long and 
1.8 cm. wide. The coil may be wound to have 500 to 
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800 ohms resistance. The coil controls the movement 
of a fine glass siphon pen supplied with ink. The move- 
ments of the pen are recorded on a paper tape drawn 
at, uniform speed beneath the siphon. The coil and 
siphon are separately mounted, and are connected by 
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silk fibers arranged to magnify the motion of the coil. 
To reduce friction between the siphon and the tape, 
the siphon is vibrated vertically with respect to the 
tape. This is accomplished by an electric buzzer ar- 
rangement, the armature of which is connected to the 
siphon by a silk fiber. 

The coil and the siphon are suspended by fine wires 
the tension of which may be varied, thus permitting 
the natural period of the moving system to be adjusted 
according to the speed of the incoming signals. For 
the recording of well-shaped, undistorted signals, it is 
necessary that the coil return to its zero position quickly 
when the current flow ceases, and it is also necessary 
that the coil shall not swing beyond its zero position. 
It is sometimes necessary to provide damping for the 
moving system, which may be accomplished electro- 
magnetically by having the coil shunted with a high 
resistance, or may be secured by having a small alum- 
inum vane attached to the coil and moving in oil. 

A siphon recorder gives a readable signal when 
actuated by from 30 to 100 microamperes, (0.000030 to 
0.000100 ampere). 

Magnifiers. In order to increase the speed of a 
cable above a point where satisfactory operation can 
be obtained with a siphon recorder alone, it is necessary 
to magnify the weakened signals before passing them 
through the recorder. With the magnifiers described 
below, good signals may be obtained when the current 
in the magnifier coil is as small-as from two to fifteen 
microamperes. 

The Heurtley Magnifier. One type of magnifier ex- 
tensively used was patented by E. S. Heurtley. _This 
magnifier (Fig. 6) is similar in principle to a siphon 
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recorder, with the coil. controlling the movement of 
two fine platinum wires. Associated with the two 
moving wires are two similar fixed platinum wires, the 
relative positions of which are indicated in the figure. 
The platinum wires are heated by battery current. 
When the relative positions of the wires are changed 
by movement of the coil from its mid-position, the 
mutual heating effect between the fixed and moving 
wires is altered. Thus the temperature and hence the 
resistance of the wires in one arm of the bridge are 
increased, the values being decreased in another arm. 
The resulting bridge unbalance causes a current to 
flow in the siphon recorder. 

The Selenium Magnifier. The selenium magnifier, 
also used in operation of long cables, was developed by 

: T. B. Dixon, K. C. Cox and others. It is also of the 
moving-coil type, the coil carrying a small mirror. 
This mirror reflects a strong beam of light on to a 
bank of two or four selenium cells, which form either 
two or four arms of a Wheatstone bridge. Battery is 
connected across one diagonal of the bridge and the 
ordinary siphon recorder is placed in the other diagonal. 
The electrical resistance of selenium cells varies in- 
versely with the strength of light to which they are 
subjected. When a movement of the magnifier coil 
causes a movement of the light beam on the selenium 
cells, the bridge is unbalanced and current flows in 
the siphon recorder. 

The Vacuum-Tube Magnifier. Some experimental 
work has been done on the application of vacuum-tube 
magnifiers to cable operation and fair results have been 
obtained. There has not been a large incentive to 
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developing the vacuum-tube magnifier, because of 
the condition that other fairly satisfactory magnifiers 
were already available. 

Cable Relays. In some cases it is desirable to repeat 
signals automatically from one section of cable into 
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another rather than to record them. It is essential 
that a cable relay used for this purpose shall have a 
reliable form of electrical contact. All of the standard 
types of cable relays employ the principle of the 
D’Arsonval moving-coil galvanometer, and differ only 
in the method of making contact. A relay may be used 
with or without a magnifier in circuit, the relay alone 
being approximately as sensitive as a siphon recorder. 

The Brown drum relay has an iridium-pointed plati- 
num wire, the movement of which is controlled by the 
relay coil, making contact on the insulated silver rings 
of a rotating drum. With very little pressure the 
iridium point makes good contact’ on the moving silver, 
and the friction resisting the lateral movement of the 
contact point is small. 

In the Muirhead gold wire relay, the coil controls 
the movement of a gold wire between two platinum 
contacts. The gold wire is maintained in rapid vibra- 
tion by an electric buzzer arrangement, for the purpose 
of securing better contact. 

The Bruce relay contact scheme consists of a fine 
nickel wire controlled by the moving coil, which makes 
contact in drops of mercury. The nickel wire is rapidly 
vibrated vertically with respect to the contact surfaces, 
thus reducing frictional resistance to its lateral motion. 

Shaping of Signals. In addition to apparatus 
previously mentioned, various: auxiliary devices are 
used in order to shape properly the received signals. 
Such devices comprise coils known as ‘magnetic 
shunts’ connected in parallel with receiving equipment, 
condensers in series with receiving equipment, and 
various special pieces of apparatus. The use of con- 
densers in the bridge arms (Fig. 2) has a very bene- 
ficial effect in improving signal shape. The action of 
these devices will be taken up later. A complete cable 
circuit is shown in Fig. 10. 

In relay reception of signals, it is necessary to pay 
attention to the tendency of signals to have a slowly 
wandering zero position. This effect is caused by the 
block condensers, and if conditions are otherwise correct 
it may be eliminated by providing the condensers with 
high-resistance shunts. The latter expedient, however, 
is not always considered desirable, and in order to 
correct a slowly wandering zero in relay reception, 
there have been various ingenious devices developed 
which need not be described here. 

Cable Printers. A very promising development, 
likely soon to be in commercial form, is the applica- 
tion of printing systems of reception to long cables. 
The code that can be used in a printing system has 
fewer characters per word than the ordinary cable 
code. In addition to the economies made _ possible 
by the use of a shorter code, a cable printer is also 
likely to effect economies in operation due to the fact 
that fewer attendants will be required than with the 
present system. 

Eastern Telegraph Company’s System. The Eastern 
Telegraph Company has recently patented a system 
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of operation which is quite different from conventional 
methods of operation. In this system the original— 
not the modified—continental code is used. The origi- 
nal continental code would ordinarily be less efficient, 
but some special apparatus has been developed which 
largely overcomes this objection. The system has 
the advantage that it can be operated through relays 
directly to the land lines, using land-line apparatus 
already standard. 


LIMITING CONDITIONS OF CABLE OPERATION 


The object of submarine cable engineering is to pro- 
vide cables which give greatest operating speed and 
greatest reliability at least cost, and to develop opera- 
ting methods which make use of the cable to its utmost 
capacity. A further object of almost equal importance 
is to reduce operating expenses. 

The cost, in place, of a single section of submarine 
cable of modern type 2000 miles in length is in the 
neighborhood of $4,000,000. This represents an annual 
charge of approximately $400,000, to cover interest, 
maintenance, etc., of the cable itself. The cost of 
efficiently operating such a section of cable is likely 
to be in the neighborhood of $200,000 per year, for 
salaries of men and apparatus directly used in handling 
traffic. From these figures it is evident that consider- 
able engineering can be justified to obtain highest 
working efficiency of cables. 

A cable of modern type 2000 miles long would have 
approximately 3000 ohms resistance and 800 micro- 
farads electrostatic capacity to ground. The operating 
speed, or the message capacity, of a cable is directly 
limited by its resistance and capacity. The resistance 
and capacity can be reduced in designing a cable only 
by increasing the size of the cable, which proportionately 
increases its cost. 

Besides the constants of the cable itself, there are 
other factors which act in different cases to control 
the ultimate speed of a cable. These factors are 
enumerated below. ; 

1. Sensitiveness of Receiving Apparatus. If a cable 
is worked at a very low speed, it is possible to transmit 
sufficient energy through it to operate receiving appa-. 
ratus which is substantial in construction. When the 
speed is increased the current transmitted through the 
cable falls off very rapidly, due to the effect of resistance 
and capacity. The decrease in received current is 
met as far as practicable by providing receiving appa- 
ratus of increased sensitiveness. If the apparatus is 
not sufficiently sensitive, the operating speed may be 
definitely limited thereby—in fact it may be said that 
previous to ten or fifteen years ago, cable speeds were 


definitely limited by the lack of sensitiveness of avail- 


able receiving equipment. Since that time, however, 
cable magnifiers, to which reference was previously 
made, have been developed to a point where they are 
practically as sensitive as is desired. While there is 
still some room for improvement the sensitiveness of 
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her factors, given 


ee Duplex Balance. Due to small but unavoidable 
errors in the artificial line necessary for duplex working 
there is, likely to be some degree of off-balance, causing 


extra currents in receiving apparatus which act to 


limit the speed. The duplex balance is probably the 
most important limitation upon speeds of the majority 
of cables, for even if the cable is once correctly balanced, 
the balance is subject to change due to variations caused 
by small temperature changes of the ocean. Much 
can be accomplished by careful engineering in decreasing 
balance troubles. Some of the possibilities of improve- 
ment will be taken up in detail later. 

3. Extraneous Current. Although not generally 
known, it is a fact that ocean cables are subject to con- 
tinuous interference from extraneous currents in much 
the same way that interference is caused to wireless 
telegraph operation. The extraneous currents which 
affect ocean cables are probably partly caused by electric 
railway systems. Possibly part may be due to the 
operation of wireless systems. The greater part of 
the extraneous currents are, however, of unknown 
origin, and are doubtless akin to the “static” so fa- 
miliar to wireless operators. The current is very 
irregular in nature and may be considered to contain 
currents of all frequencies. In practise it is usually 
found that extraneous currents are smaller in magni- 
tude than the currents present due to slight errors 
in the duplex balance, although in some cases the ex- 
traneous currents are the larger. If the balance is 
improved extraneous currents become of increased 
importance, and they must be regarded as forming an 
ultimate limit to further increase in speed of a cable. 

It is customary to make use of an earth connection 
for cable working which is extended several miles from 
shore. By this means disturbances from electric rail- 
way systems are largely reduced. Currents from other 
sources may be somewhat decreased by the same ex- 
pedient, although they can not be eliminated. Extra- 
neous currents may be picked up at any point along 
the cable and conveyed into the receiving apparatus, 
although the greater part is introduced by slight un- 
steadiness of the sea-earth connection, of amounts 
ranging from 0.0001 to 0.005 volt or higher. 

4. Sending Voltage. The amount of voltage used 
for operating the cable has a bearing upon the opera- 
ting speed. A short section of gutta-percha cable is 
capable of withstanding as much as 40,000 volts before 
being punctured. A long cable, however, is likely to 
contain weak spots, which may be punctured at a much 
lower voltage. In fact, there are instances where cables 
have been broken down by a few hundred volts. The 
cost of making repairs to a cable which has been 
damaged is large, and it is therefore customary to keep 
operating voltages down to a conservative value. 

A potential of 50 volts is commonly used for operation. 
Due to the effect of the sending condenser, the strain 
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caused to the cable is somewhat increased, so that the 
insulation near the end is subject to a maximum strain 
of about 75 volts. In the center of the cable the maxi- 
mum strain on insulation is very much lower. 

5. Magnetic Storms. Fortunately, magnetic storms 
occur only at comparatively wide intervals, otherwise 
cable engineering might have developed along entirely 
different lines. Magnetic storms are ordinarily, if 
not always caused by conditions on the sun. Slight 
effects from this source are fairly common, but severe 
magnetic storms occur only rarely, sometimes years 
apart. Whenever a severe storm occurs, there are dis- 
plays of the aurora borealis in thesky, the compass needle 
is affected, and voltages ranging up to several hundred 
volts are induced in cables. The voltages alternate 
from one direction to the other in an irregular manner 
and at a low speed. The period of the reversal may 
be a few seconds or it may be as long asa half hour. A 
severe storm may make cable operation impossible for 
several hours and its effect may not entirely disappear 
for three or four days. 


THE ARRIVAL CURVE 


If a direct-current voltage is suddenly impressed 
upon a cable grounded at the far end, a current flows 
into the cable according to the upper curves of Fig. 7. 
At the distant end of the cable, the current builds up 
according to the middle curve. The shape of this 
curve was originally worked out by Lord Kelvin in 
1855. The strength of current received through the 
cable finally reaches a value many times stronger than 
that necessary to operate the usual receiving apparatus. 
The rate of increase of current is so slow, extending as 
it does over several seconds, that rapid signaling with 
a simple cable circuit is impossible. The various con- 
densers and magnetic shunts introduced in the cable 
circuit for shaping signals act to remove the greater 
part of the received current, while retaining the sharp 
initial rise of current. The result is that the current 
in the receiving coil is approximately of the shape of 
the lower curve. 

A curve such as one of the lower curves of Fig. 7, 
which shows the current received over a cable due to 
a suddenly impressed voltage, is known as an “arrival 
curve.” Any combination of signals may be built up 
by algebraically adding a succession of arrival curves, 
in the manner illustrated in Fig. 8. 

In studying cable operation, it is convenient to 
think in terms of the arrival curve. It is essential 
that the arrival curve be of proper shape, within certain 
limits, in order that all signal combinations may be 
legible. In Fig. 9 are shown various shapes of arrival 
curves, and also the shapes of the first three letters 
of the alphabet, built up by proper addition of a suc- 
cession of arrival curves of the shapes given. 

The Dot Frequency. By dot frequency is meant the 
normal frequency of operation when a succession of 
reversals is sent without spaces between them. Thus, 
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the letter a, consisting of one dot above, and an equal 
deflection below the zero line, is considered to be one 
cycle. The letter c is considered to be two cycles. 
In Fig. 9, the base line of each arrival curve is shown 
divided into equal spaces. Each of these spaces repre- 
sents the length of one dot, that is, one-half cycle. 
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Fig. 7—SmnpDING AND RECEIVED CURRENT OVER CaBLE 


A cable such as that previously referred to, with 
3000 ohms and 800 microfarads, could be commercially 
worked at a speed of 54 words per minute, or 324 letters 
per minute, under favorable conditions. By analyzing 
the standard cable code, it is found that this is 
equivalent to an average dot frequency of approxi- 
mately ten cycles per second. 


Fig. 8—AppITION or ARRIVAL Curves To Form ComeLerrp 
SIGNALS 


THEORY OF CABLE OPERATION 
The theory to follow is based upon the use of ordi- 
nary alternating-current theory. A knowledge of the 
behavior of the cable and its associated apparatus under 
the influence of a sine wave of current throughout the 
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proper range of frequencies, is sufficient to enable the 
shape of received signals to be predicted. ‘The action 
of any equipment may be determined by investigating 
its behavior through a range of frequencies. The 
frequencies which must be considered in cable inves- 
tigations are those from zero frequency to a frequency 
two or three times the so-called “dot frequency” of 
operation, as explained later. 

The fundamental theory of this method of analysis 
is developed in the Appendix. It is shown there that 
in general any transient curve may be considered to 
be composed of the sum of an infinite number of pure 
sine waves, of frequencies varying from zero to infinity. 
Each of these sine waves is attenuated in the cable 
circuit in accordance with well-known laws. Even the 
mechanical motion of receiving coils may be approxi- 
mately or exactly solved by applying methods such as 
are used in solving alternating-current circuits. 
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While this method of analysis is of quite general 
application, it will be illustrated by applying it to the 
cable of standard present-day type previously referred 
to, and to simple apparatus used for operation. 

The Frequency Characteristic. This term is used 
to designate a pair of curves which show how sine 
wave currents are changed in magnitude and in time 
lead or lag, by the cable circuit or by a part of the 
circuit, at various frequencies. 

Notation. 

= battery voltage. 

: = Sending voltage as modified by type of signal 
used. 

= cable resistance per ae (inductance and 

leakage of cable are ignored). 

= cable capacity per mile. 

= cable length in miles. 
frequency in cycles per second. 
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dot frequency in cycles per second. 
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surge impedance of cable = x R : 
Vs ee: 

complex attentuation constant 

= /j2rfRC 

= current at sending end of cable. 

current at receiving end of cable. 

impedance offered to outgoing current by 
apparatus at sending end. 

= impedance of complete receiving system. 

deflection of receiving instrument. The maxi- 
mum deflection (neglecting a momentary 
overthrow) is taken as unity, the deflection 
at any frequency being. expressed as a 
fraction of the maximum. 

magnification of complete receiving set at any 
frequency = ratio D/I,. 
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Solution with Single-Frequency Alternating Current. 


A standard expression for current received through a 
cable is the following: 


I, 
- EB, Zo 
(Zo? + Z,Z,) sinh Pl + (ZZ, + Z Z;) cosh Pl 
2 4 : (1) 
This may readily be put into the form 
% E, ecb PAGS 
eee 7,42, 
1 
(2) 


(Zo — Z,) (Zo — Zs) 
(Zo =5 Zl (Zo =e Zs) 


é= Pl 


The first term of the right-hand member of equation 
(2) gives the current flowing into the cable, as modified 
by apparatus at the sending end. The second term 
shows how the current is modified by the cable itself, 
and the third term shows how the current is modified 
by the receiving apparatus as a whole. The fourth 
term takes into account multiple reflections between 
the ends of the cable. The latter term may for all 
practical purposes be considered equal to unity, and 
may be ignored, as it has no effect except at speeds far 
below the usual signaling speed. 

Analyses of Arrival Curves. If a voltage is impressed 
at the sending end of a shape corresponding to curve 
1, Fig. 9, and the cable circuit as a whole, including 
apparatus, attenuates all frequencies equally, the 
wave as received at the distant end will be of exactly 
the same shape. Under these conditions, all signals 


1. In the general case, with inductance L and leakage G 
present, these become, 
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would be reproduced at the receiving end exactly as 
they were sent. 


If the characteristics of the cable circuit are such 
that the higher frequencies are lost in transmission, 
then the tendency is to round off the corners of the 
wave in a definite manner, so that a more or less rounded 
signal is the result. Such rounding-off is not objection- 
able providing it is not carried too far. It becomes then 
of the utmost importance to determine just what 
frequencies it is necessary to transmit through the 
cable in order to obtain a received signal that is suf- 
ficiently legible. Since the higher frequencies are most 
difficult to transmit through the cable, it will be obvious 
that the ideal shape of arrival curve is one which, while 
giving good signals, requires the transmission of the 
smallest possible amount of the higher frequencies. 
In order to determine what frequencies it is necessary 
to transmit, a theoretical analysis was made of a large 
number of possible arrival curves, using methods given 
in the Appendix, and tests were also made of working 
cable circuits. 
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In order to obtain a received signal which, while 
somewhat rounded, may be regarded as perfect in 
shape, it is found necessary to transmit frequencies 
through a cable up to approximately 2.4 times the dot 
frequency. Fortunately, however, a received signal 
of such quality is not necessary for commercial opera- 
tion, since the rece ving operator becomes so familiar 
with signals that he is able to read signals which are 
moderately distorted. It has been found that for 
recorder reception, with or without a magnifier in 
circuit, it is necessary to transmit frequencies only up 
to about 1.5 times the dot frequency in order to obtain 
a signal which is suitable for traffic. 


For relay reception a somewhat better defined signal 
is necessary, and it is necessary to transmit frequencies 
up to about 1.65 times the dot frequency. Relay 
reception is facilitated by permitting a small overthrow 
of the arrival curve. It can be shown that such an 
arrival curve can be built up with smaller amounts of 
the higher frequencies. 

Examples of signals which have been chosen to 
represent the approximate limits of good transmission, 
for recorder and relay reception respectively, are shown 
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opposite curves 3 and 5 of Fig. 9.2. These arrival in the Appendix, the higher frequencies are of less 
curves are redrawn to a larger scale in Fig. 11. importance. : 
In Fig. 12 are shown the frequency characteristics It will be recognized that there may be some dif 
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any frequency, when a sine wave of voltage is impressed 1 3 
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characteristic given in the preceding section was the 
characteristic of the entire cable circuit, from trans- 
mitter to recorder, necessary for proper reception. It 
1s now the purpose to determine the separate frequency 
characteristics of different parts of the system. 

The frequency characteristic of the cable itself is 
shown in Fig. 138. This characteristic applies to the 
cable referred to previously. It is shown plotted both 
to a logarithmic and to a direct scale. The characteris- 
tic was determined by calculating real and imaginary 
values of the second term of the right-hand member 
of equation (2). 
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Fig. 15—FREQUENCY CHARACTERISTICS OF COMPLETE 
RECEIVING SET 


Frequency Characteristics of Sending Apparatus. In 
Fig. 14 are shown frequency characteristics of the 
current entering the cable, for three different sizes of 
the condensers at the sending end, and also with the 
condenser removed. The values in this figure were 
obtained from the first term of the right-hand member 
of equation (2), the sending voltage being taken at 
fifty volts. 

This figure clearly shows the beneficial effect of the 
sending condenser in decreasing currents of the lower 
frequencies. The condenser also reduces, in a less 
degree, the amount of energy flowing into the cable at 
higher frequencies—an effect which in itself is undesir- 
able, but which can be compensated for by increasing 
the sending voltage or the sensitiveness of receiving 
apparatus. 

Frequency Characteristics of Receiving Apparatus. 
By combining the frequency characteristics shown in 
Figs. 13 and 14,’ the frequency characteristic of the 
current at the receiving end of the cable may be 


3. The 60 pf. curve of Fig. 14 was used. 
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obtained. Now since Fig. 12 shows the frequency 
characteristics of the cable circuit as a whole, necessary 
to produce properly shaped signals for reception, it is 
possible by combining these characteristics with the 
characteristics referred to above, to obtain characteris- 
tics which show the necessary behavior of the receiving 
set. Such characteristics are shown in Fig. 15. 

The characteristics of the receiving set show that 
this apparatus must be comparatively insensitive to 
low-frequency currents. It must have its highest 
sensitivity to currents about 1.3 times the dot fre- 
quency for recorder reception, or about 1.45 times the 
dot frequency for relay reception. The working 
ranges of frequency, which are important in determining 
shapes of received signals, are shown as before by solid 
lines. There are decided advantages from the stand- 
point of freedom from interference, in having the 
receiving apparatus insensitive to frequencies higher 
than the working frequencies. 

It is interesting to consider the manner in which the 
receiving set is made to have characteristics of the 
shape given. The receiving set is composed of a num- 
ber of condensers and shunts as shown in Fig. 10. 
While it is entirely practicable to calculate the fre- 
quency characteristic of each part of the circuit, it 
appears unnecessary to give such calculations here, and 
a statement will simply be made of the general charac- 
teristics of different parts of the receiving set. 

The receiving characteristics in Fig. 15 are in fact 
plots of the quantity 

2Z,M 

Zon 
taken from equation (2). In this quantity, the factor 

2 Zo 

LZ) + 4, 
does not greatly vary from unity. The characteristic 
may therefore be considered to be an approximate plot 
of the quantity M, which is the ratio of the deflection 
of the receiving instrument to the current in amperes at 
the receiving end of the cable. The largest deflection 
shown is 61,000 units per ampere—that is, full deflec- 
tion is obtained with 1/61000 ampere = 16 micro- 
amperes. 

The magnetic shunt, Fig. 10, tends to cause a charac- 
teristic which rises with frequency, that is, the shunt 
tends to absorb currents of lower frequencies, while 
throwing the higher frequencies into the receiving coil. 
The condenser in series with the coil has an effect similar 
to that of the magnetic shunt, and tends to increase 
further the slope of the characteristic of the complete 
Seu 

The block condensers at the receiving end are in 
effect shunted around the receiving coil and tend to 
shunt or absorb currents of the higher frequencies. 
An additional condenser is sometimes placed in shunt 
with the receiving coil. The values should be such 
that these condensers mainly absorb only currents 
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above the working frequencies. Such a characteristic 
may be very beneficial, as it reduces balance troubles 
and interference from outside sources. The condensers 
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Fig. 16—FREQUENCY CHARACTERISTICS OF SENDING SIGNALS 


may be semi-resonant with the magnetic shunt, at a 


frequency between 1.2 and 1.5 times the dot frequency. 
The recording coil has inertia which tends to make 
it relatively insensitive to the higher frequencies. The 
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Fig. 17—FREQUENCY CHARACTERISTICS OF SENDING SIGNALS 


coil may be adjusted to have a free period of its own, 
the period being between 1.2 and 1.5 times the dot 
frequency. 
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If a magnifier is used of the Heurtley or selenium 
type, the hot wire of the former, or the selenium cell 
of the latter, has a certain amount of sluggishness 
which may havea decidedly beneficial effect in absorbing 
currents of the higher frequencies. 

Frequency Characteristics of Sending Signals. Up to 
this point it has been assumed that the signal sent is of 
the so-called “block” type, as shown in curve 1, Fig. 9. 
There is another type of sending signal which is used 
to a considerable extent, namely the “beat” type of. 
signal, curve 6, Fig. 9. Still another type has been 
proposed by Major-General G. O. Squier, namely 
the sine wave signal, curve 7, Fig. 9. 

The characteristics of such signals may be studied 
in the same manner as parts of the circuit are studied. 
Frequency characteristics of these types of signals are 
shown in Figs. 16 and 17,‘ the latter figure being to a 
larger scale. 

No general rule will be given as to which type of 
sending signals is best, the preference in any case being 
dependent upon a knowledge of the particular condi- 
tions which limit transmission. With beat signals 
smaller amounts of low-frequency currents are trans- 
mitted, so that the associated condensers and magnetic 
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Wia. 18—Anatysis or SENDING SIGNAL COMBINATIONS 
shunt need not absorb as much of such currents. Block 
signals have advantages from the standpoint of duplex 


balancing, as will be evident later. 


THE DUPLEX BALANCE 


Theory. Since cables are usually operated duplex 
and the balance is often the condition which limits 
operation of the cable, it is important to consider the 
theory and practise of balancing. 

If there is present a small error in the balance, its 
effect is in general most severely felt when some irreg- 
ular combination of signals is sent. In order to 
analyze this condition, the combination of signals may 
be considered to recur at regular intervals, and may 
then be broken up by the standard Fourier method into 


the sum of a number of separate sine waves. By 
4. The development of these is given in the Appendix. The 
curves show only the transient characteristics of the signal. In 


the beat and sine wave signals, there is also a non-transient 
component which contains frequencies of 2, 4,6, ete., times the 
dot frequency. Such frequencies may in general be neglected 
in studying transmission through the cable, for reasons given 
previously. 


LF on 
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choosing various possible combinations of signals and 
analyzing them in this manner, we may determine what 
the maximum sine wave value of the sending voltage 


may be at.any frequency. This maximum value will 
be designated F,’. 


Let it be assumed that the impedance of the cable is 
Zo, and that the artificial line is so adjusted that the 
system would be perfectly balanced if the cable imped- 
ance were Z, (1 + A) where A isa very small quantity. 
It can then be shown® that the deflection of the 
receiving instrument will be given by the expression 


D, = E,’ Zo M A 
(Zo + 2, (Zo +z.) (3) 


Now equation (2) gives the deflection of the receiving 
instrument at any frequency, when the sending battery 
is replaced by a sine wave of voltage of value E,. 
By combining equations (2) and (3) we have, 

E,' 
i (4) 


A plot of the ratio E,’/E,, calculated by setting up 
various recurring combinations of signals as described 
above, is given in Fig. 18.* Plots of the quantity D 
under ideal conditions, and of 1/e*, were given in 
Figs. 12 and 13. 

In order that duplex operation may be satisfactory, 
it is necessary that any deflection of the receiving 
instrument caused by off-balance, will be small as 
compared with the size of the signal itself. The 


® 
Ds 1/2 . ee DT iN 


5. This equation may be readily proved for any special 
terminal circuit, by obtaining an expression for the current in 
each branch of the circuit when a sending voltage E,’ is im- 
pressed at the apex. A general proof may be obtained by 
breaking the impressed voltage into two parts, of which one 
part causes a current J; to flow in line and in artificial line. 
The remaining part then acts to cause a current J, due to off- 
balance, to flow from the line into the receiving circuit. The 
deflection is M times Jy. It is assumed throughout that circuit 
conditions at the two ends of the cable are similar. 


6. As examples of combinations chosen are the following: 
(1) Reversals; (2) Dot, dash, dash, dot, dash, dash, etc.; 
(3) Dot, dot, dash, dash, dot, dot, dash, dash, etc. A large 
number of other combinations was used. The curve in Fig. 18 
is, of course, discontinuous. There are two points separate 
from the curve at f/F =1 and at f/F =3. (Balance distur- 
bances from these particular frequencies are not likely to be 
more severe than from others, because it happens that these 
frequencies occur only together, and do not occur in combina- 
tions with the numerous other frequencies.) The above signal 
ce mbinations may be assumed made up of “block’’ signals, 
or th y may be as umed made up of “beat’ or other shaped 
‘ignals. “If the latter, it will be found on trial that the values 
of E’, are changed in amount, for any signal combination, by 
a ratio given by the ord'nateso Figs. 16and17. But the value 
o° EZ, is also changed by the same amount, and the ratio E’,/Es 
is therefore independent of the type of signal. It should not 
be inferred from this that the type of sending signal has no in- 
fluence on balance. The actual value of D in equations (4), 
(5), and (6), may be altered by. changing the signal type, which 
may thus materially influence balance troubles. We are here 
concerned with the maximum values of the quantities o the 
equations, and it is not necessary to consider the angle of €"". 
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precise amount permissible depends to some extent 
upon the individuality of the operator, so that no 
exact limit can be given. It may, however, be said 
that an approximate limit for deflection due to off- 
balance is 0.2 of the size of the dot signal. Now since 
each of the various combinations of signals contains 
several different frequencies, the effects of which are 
aggregated at times, it is necessary to apply a ‘‘factor 
of safety,” which will here be assumed equal to 2. 
Taking these considerations into account, equation (4) 
may be put into the form 


Ei,’ . el : 
1/A = E, er a q for recorder Re — (5) 
= lilies D ; er! . i 
1/A = a STATS for relay reception. (6) 


Plots of values of 1/A are given in Fig. 19. This 
figure shows the approximate degree of accuracy which 
the balance must possess at all frequencies, in order to 
permit operation of the cable previously referred to, 
at a dot frequency of ten cycles per second. It should 


] 
able Speed Constant= 7%78)| 


r 
8 
8 


e 


ip} 
xs) 
is} 
ie) 


8 
e) 
(eo) 


Degree Of Accuracy OF Artificial Lin 


4 S 8 ie} 1.2 La 


\ 
5 Actual Frequency. £ 
Dot Frequency Ea 


Fig. 19—Accuracy Requrrements or Duritpx Banance 


be noted that the curves in Fig. 19 have been built up 
on the basis of having apparatus which eliminates the 
higher unnecessary frequencies. With unfavorable 
operating apparatus far greater accuracy of the balance 
may be necessary. 

Balance difficulties are an inherent property of a 
cable system operated duplex, for even if the cable is 
once balanced correctly, the balance is subject to 
change due to variations that occur in the temperature 
of the ocean bottom. In practise it is usually necessary 
to readjust the balance at least daily, in some cases 
several times daily. As shown above, a change in the 
impedance of the cable of one part in 25,000 is sufficient 
to be important. To maintain a balance correct at 
one frequency only to this degree of accuracy might not 
be especially difficult. The chief difficulty is, in fact, 
the maintenance of a balance correct to the required 
accuracy throughout a considerable range in frequency. 
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From the theory and curves given above, three 
important conclusions may be drawn regarding balanc- 
ing, as follows: 

(1) The effect of a given balance error upon the 
receiving instrument is dependent upon the actual 
shape of the frequency characteristic (Fig. 12) of the 
entire cable circuit. The actual shape of the charac- 
teristic becomes of rapidly increased importance at 
the higher frequencies. 

(2) If there is a certain error in the balance, there 
ean be nothing done throughout the working range of 
frequencies, to decrease its effect upon transmission, by 
altering the apparatus at either the sending or receiving 
end, excepting insomuch as the alterations change the 
shape of the useful transmitted signal. 

(8) Any change in the apparatus at either the 
sending end or the receiving end of the cable, which 
decreases the magnitude of current transmitted through 
the cable at frequencies higher than the working range, 
without unduly affecting frequencies within the work- 
ing range, is a distinct advantage in decreasing balance 
disturbances. 

Artificial Lines. Every submarine cable, in addi- 
tion to having resistance and capacity, has a certain 
amount o° self-inductance and leakage. The latter 
factors are ordinarily too small to affect transmission 
through the cable, but are of considerable importance 
in balancing. The effective resistance and inductance 
vary with frequency, due to the characteristics of the 
sea-water return circuit,’ and the capacity and leakage 
also vary with frequency, due to the behavior of the 
gutta-percha insulation. 

The artificial line for balancing such a cable consists 
of a network of resistance and capacity, to which 
inductance may be added if desired. The network 
must be adjusted to have electrical characteristics that 
closely match those of the cable. The original adjust- 
ment may be a very tedious process, there being records 
of cases where as much as three months’ work was done 
in obtaining a duplex balance for a single cable. Much 
of the early balancing was done without fully under- 
standing the theory of balancing, and some ingenious 
appliances to artificial lines were developed by workers 
in the field, at a time when the electrical properties 
of the cable itself were incompletely understood. 
Fortunately, the theory is now better known so that 
the time required in balancing has been greatly cut 
down. 

Artificial lines of any type are more or less sensitive 
to temperature changes, and are, therefore, usually 
placed in heat-insulated cabinets, sometimes located 
in rooms having special heat-insulated walls. In 
order to provide for convenient minor daily adjust- 
ments, it is customary to provide in addition a few 
small adjustable condensers and resistances, located 


7. See J. R. Carson and J. J. Gilbert: ‘Transmission Charac- 
teristics of the Submarine Cable.” Journal of the Franklin 
Institute, Dee. 1921. 
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near the receiving apparatus, and connected in the 
artificial line or in the bridge circuit. 

The earliest type of artificial line was of the lumped 
variety, Fig. 20, used by Stearns. This artificial line 
was not successful, due probably to defects in design 
and construction. 

Shortly afterwards, in 1875, the smooth type of 
artificial line was patented by Taylor and Muirhead. 
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Fia. 20—Srrarns Tyre or ARTIFICIAL CABLE 
Capacity and resistance of each section adjustable 


In this line (Fig. 21), the resistance of the line is made 
up of a zig-zag strip of tinfoil. This is insulated from 
the solid ground sheet of tinfoil by paraffined paper, 
thus forming the capacity of the line. The line is 
mounted in wooden boxes, having 10 to 21 microfarads 
per box, with terminals brought out which divide the 
line into sections of from one to three microfarads each. 
This type of line is especially sensitive to temperature 
changes. , 

A more recent type of artificial line has been patented 
by Dearlove. This line is made up of a large number 
of very small units of resistance and capacity, the latter 
being from 1/30 to 1/15 microfarad each. Neither 
the resistance nor the capacity is adjustable. The 
resistance and capacity are mounted together in boxes, 
similar to the type previously described. 

With either of the types just described, the artificial 
line must be specially designed and constructed to 
match the cable with which it will be used, since the 
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constants can be adjusted only in an indirect manner 
which introduces irregularities in the artificial line 
that have no duplicate in the cable. 

A new type of artificial line* has been developed by 
the writer, wth the object of overcoming the dis- 
advantage: of the types previously described. This 
artificial line is shown diagrammatically in Fig. 22, 
and contains resistances and condensers in fairly large 
lumps. 

While it might seem that a lumped line of this type 
could not be made to balance a cable with constants 


8. Patents pending. 
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uniformly distributed, the actual condition ‘s that the 

lumped arrangement is utilized to aid in balancing the 

inductance of the cable. It may readily be shown that 

the impedance of such network having a large number 

of resistances and condensers is 


gad is 


Serres Lh ROS hero (7) 


The surge impedance of a submarine cable with resist- 
ance, capacity and inductance is 


Zo =A K 


Nae Tee PL/C: (8) 
From these it is apparent that a balance which is 
- correct for all frequencies may be obtained if 
R’/C’ = R/C, and R'R’+R"/4=L/C (9) 
An artificial line of this type has the additional 
advantage that it is readily constructed to be completely 
adjustable throughout its length. In practise the 
resistances and condensers are mounted in separate 
boxes, and the resistance of the line is made continuous 
with taps brought out at intervals. The resistance 
steps are small near the head of the line, and become 
increasingly larger away from the head. For adjust- 
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Fig. 22—ApsJuUSTABLE TYPE oF ARTIFICIAL LINE 


ments a movable connector is used which is reliable 
and convenient to handle, and which does not introduce 
appreciable contact resistance. It is found that an 
adequate balance can be obtained with condenser 
units of two microfarads near the head of the line, and 
with considerably larger units toward the rear of the 
line. The resistances in series with the condensers 
need little if any adjustment, and are only necessary 
near the head of the line. 


KELVIN’S KR LAW 


This law, formulated early in the history of the 
science, states simply that the operating speed of the 
usual type of cable is inversely proportional to the 
product of its capacity times its resistance, the letters 
“KR” being an old symbol for this product. Expressed 
in another way, the law states that the product of 
speed times the “KR” is a constant. With speed 
expressed in letters per minute, cable resistance in 
ohms, and capacity in farads, this product is termed the 
“speed constant” of the cable, and is widely used. 

That the K R law is approximately true is immedi- 
ately evident from the preceding theory [ see equation 
(2)]. The amount of energy which is transmitted 
through the cable is directly dependent upon the pro- 
duct of frequency times resistance times capacity, 
and if there is a definite minimum permissible amount of 
received energy, then there must be a definite value 


of the above product. 
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Obviously, the above does not take into account the 
fact, that different conditions may in different cases act 
to limit the speed of a cable. The “speed constant” 
is therefore not a definite fixed value, but varies in 
different cases, and is in fact a measure of the efficiency 
of operation. With recorder reception a speed con- 


Loyarithmic Scale 


Recewed Corrent 


Ire 


n 000002 

pects ia eas . 
+0000) rs 

9 100 200 300 400 S00 600 TOO 800 900 1000 1200 1200 1300 1400 1500 

Speed Constant — Letters per Minute X Cable Capacity X Gable Resistance 


Fig 23—DercrEASE OF CURRENT IN CABLE 


stant of 500 to 550 is usual. With magnifier reception 
and duplex operation, speed constants from 600 to 
800 or higher are regularly obtained. A speed con-- 
stant as high as 1200 has been commercially attained 
over a cable which was operated in one direction only, 
and was therefore free from balance troubles. 

In order to examine further the validity of the K R 
law, the effects of the different limiting conditions to 
cable operation will be considered separately. 

(1) If conditions are such that the speed of a cable 
is limited only by the sensitiveness of available receiv- 
ing equipment, the K R law forms an approximate guide 
only. This condition is not now of sufficient import- 
ance to justify a detailed discussion. It may be said, 
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however, that of two cables of unequal length a some- 
what higher speed constant (although a lower speed) 
will in general be obtained over the longer cable, for 
the reason that a given receiving instrument can be 
adjusted to have higher sensitiveness when used for 
operation at low speed. 

(2) If the speeds of two cables are limited only by 


132 


the duplex balance, and the cables are subjected to the 
same percentage balance variations and have equally 
efficient terminal equipment, then the K FR law is an 
accurate guide to their relative speeds. This is evident 
from equations (5) or (6), for with any given value of 
f/F, each term of the equation is constant, and the 
quantity P 1 is therefore constant. 

(3) If the speeds of two cables are limited only by 
the presence of extraneous current caused by small 
equal extraneous voltages impressed at the end of the 
sea-earth, then it will also be found that the K R law 
accurately applies. It is again assumed that equally 
efficient terminal equipment is used. Two such cables 
subjected to the same extraneous voltage will have 
the same speed constant, while if the two cables are 
subjected to different amounts of extraneous voltage, 
then the one subjected to the smaller extraneous volt- 
age will have the higher speed constant. 

The ratio of received current to sent current in 

cables operated at different speed constants is shown in 
Fig. 23. It will be noted that a small change in the 
speed constant requires considerable increase in the 
sensitiveness of receiving equipment. The approxi- 
mate degree of accuracy that the duplex balance must 
possess with different speed constants, assuming favor- 
able terminal apparatus, is shown in Fig. 24. 
- In conclusion the writer desires to acknowledge the 
valuable assistance which he has received in the prepara- 
tion of this paper, from Mr. C. H. Cramer and Mr. 
W. D. Cannon. 


Appendix 

In this Appendix is given the fundamental theory 
of the method of analysis used in the body of the paper. 
While the general plan has previously been to assume 
the shape of the received current to be known, and to 
determine the frequency characteristic from the known 
current, the method also provides for determining 
the received current or voltage when the frequency 
characteristic is known, as shown below. The most 
useful case is to determine the received current caused 
by the application of a suddenly impressed steady volt- 
age, yet the method is applicable for determining effects 
caused by any general transient shape of voltage or 
current, in cable or other electrical circuits. 


The frequency characteristics have previously been 
considered to be functions of the frequency, and to 
show the magnitude and the time lead or lag of the 
wave. In the Appendix the frequency characteristics 
will be considered to be functions of p = 27 f, and 
will show the sine and cosine components of the wave 
separately. 

In order to calculate the received current or voltage, 
the transient source is assumed replaced by a continuous 
sine wave source, and a calculation is in general made 
of the received voltage or current for all values of 
frequency from zero to infinity. The real and imagi- 
nary components are calculated separately, and are 
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denoted respectively by u and v. A formula for the 
received voltage or current caused by a suddenly 
impressed continued voltage is given in equation (10). 

In difficult cases the necessary integrations are too 
complicated to be solved analytically, and it is neces- 
sary to resort to a graphical or mechanical method of 


integration. A form of harmonic analyzer is especially 
applicable. 
NOTATION 
¢ = time 


p =27 X frequency 
y = height of transient curve (function of ¢) 
s = sine component of frequency characteristic 
(function of p) 
¢ = cosine component of frequency characteristic 
(function of :p) 
wu = real component of received sine wave (function 
of p) 
v = imaginary component of received sine wave 
(function of p) 
deren Vek 
a, b, 9, k, m, n, A, P, T, constants 
R = resistance 
L = inductance 
E = voltage 
I = current 
THEORY 
The method is a development of Fourier’s series. 
Referring to Fig. 25, the Fourier expression for a single 
valued continuous curve of any shape between the 
limits of — 2k and + 2k is, 


y = a,sin ore + asin Ot + a3 sin oT: _ 
y 
| t 
Fie 25 
Bg SF oe had Sper lollies = op cos —p—— i! 
2k ey 
37 t 
F035 003: aes he (1) 


A curve such as shown in Fig. 26 may be expressed by the 
simpler form, 


y = a,sin oy + a; sin ce +. 
O77 t 
RU abi Cone or + 63 cos OE ste at? geo tue) 
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In Fig. 26, the two halves of the curve are similar in 
shape, but inverted. The portion between — k and 
+ k is the part in which we are especially interested. 
The value of k may be made as large as desired, so that 


in practise any shape of continuous curve may be 
expressed by (3). 


Two hatyes are similar in 
shape, wwerted 


+k +2h 
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An additional limitation upon the curve will now be 
made in order to simplify further the mathematics. 
It will be assumed that the curve is horizontal, as 
shown in Fig. 27, excepting for a small portion in the 
neighborhood of the vertical axis. The value of k 
will later be assumed increased indefinitely, as in Fig. 
28. In the remainder of this theory, it is assumed that 
the transient under investigation is of the general 
type shown in Fig. 28. This limitation does not 
prevent the investigation of those types of transients in 
which we are interested, as is shown later. 


Fig. 27 


' Referring to equation (3), the value of m takes every 
odd integer value from one to infinity. By assuming k 
increased indefinitely, (3) may be replaced by an 
equation containing integrals, and becomes of the 
form 


7 = I/n fs sin pt dp + If f ce cos pt dp + bo, (4) 


3 : Mm 1 
in which 


has been replaced by p, k a, has been 


2k 


replaced by s, and k b,, has been replaced by c. The 
quantities s and ¢ are functions of p, and constitute 
the frequency characteristic referred to previously. 

For each type or shape of transient curve there is a paar 
of quantities s and c, which correspond to the one transient 
curve only. The frequency characteristic is independent 
of the actual value of &, provided that k is large. Equa- 
tion (4) enables the transient to be determined when the 
frequency characteristic is known. Equations (8), 
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below, enable the frequency characteristic to be deter- 
mined when the transient itself is given. Equations 
(4) and (8) are the fundamental equations of this 
theory. 

To develop the latter equations, we have the well- 
known equations for determining the constants of 
Fourier’s series, * 


2k 
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Type |4 


y=am (Ptr) 


Now since we are considering only odd harmonies, 
the first of these may be written 
k 
On =k J y sin aa dt (6) 
In evaluating the limits, it will be noted that the sine is 
at its highest or at its lowest value at each limit. It 
is not necessary to carry the limits to the values of 
—kor +k; instead it is only necessary to begin the 
integration from some point at the left of t’, Fig. 28, 
and carry it to some point to the right of t”—providing 
that in each case the integration is stopped at a point 
where the sine is at its maximum or at its minimum, 
i. e., at a point where the cosine is zero. 
A similar simplification might be made directly of 
the second of equations (5) for the special case where 
b) = O. In the case where bo # O, the case is less 
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simple. It may, however, be shown that in general, Further explanation is necessary in connection with 
when & is large transient types 12 to 16 inclusive. In calculating the 
eae: mow t frequency curve of type 12, the transient 1s assumed 
by = 1/k f y cos 57 dt (7) 
—k+k/m 
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At each of these limits the sine is zero, and it is again 
necessary only to carry the integration from some point 


at the left of t’, to some point at the right of t’. Ask Bree5 — 
is increased indefinitely, the above equations take the ee ee 
form below, where substitutions as before have been nin gat 


made a 
$ = w y sin pt dt between limits : 
where cos pt = O, 
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.to be built up as shown in Fig. 32. The upper part is 
the transient component; the lower part is a non- 
transient component consisting of a continuous sine 
wave of half amplitude. The height of the transient 
component is assumed to be a double exponential 
curve as shown. The frequency characteristic of this 
transient is first calculated, after which the value of 
g is increased indefinitely. At the same time, g must 
be considered to remain small as compared with k. 
In this manner the limiting value given in Table I 
was obtained. The values in Table I for transient 
types 13, 14, 15, and 16 were calculated in a similar 
manner. The non-transient components of types 15 
and 16 are themselves irregular in shape, and may be 
broken up by the standard Fourier method into the 
sum of a series of continuous sine waves. Thus the 
non-transient component of type 15 is equivalent to 
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n/2— Fe cos —.. 


UU 


Te 


= cos T 


Fig. 32—DrVELOPMENT OF TRANSIENT TryPE 12 


APPLICATION TO ELECTRICAL PROBLEMS 


Referring now particularly to transient type 1, the 
preceding theory shows that it may be regarded as the 
sum of an infinite number of sine waves, of heights 
equal to 1/p, added to a non-transient component of 
height 1/2. The sine waves are individually atten- 
uated in the electrical circuit in a manner which can 
be calculated by ordinary alternating-current theory, 
thus obtaining the frequency characteristic for the 
resultant effect at the receiving end. Then from equa- 
tion (4) the shape of the received current is obtained. 

Let it now be assumed that the transient source is 
replaced by a sine wave of voltage of frequency [0 PAB 
At the receiving end, let w be the component in phase 
with the impressed wave, and let » be the component 
at 90 deg. Then the frequency characteristic of the 
received current will pee 

= 

$s /P 9) 
c'=v/p | 
Substituting in equation (4), we have the formula for 
the received current caused by an initial transient of 


type 1 a 
yaar ? cos t dp 
yi = Wl ya ea p 
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+ Uo/2 (10) 
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The effect of the non-transient component of the 
initial transient has been calculated separately, and 
included in the formula. 

In the general case, applicable to any initial type 
of transient, let s and ¢ represent the initial frequency 
characteristic. Then the characteristic of the resultant 
transient will be 

s’=su—cv 
c’=cu+sov 
Substituting in equation (4), we have the formula for 


the resultant transient caused by any initial type of 
transient 


Il 


(11) 


fee) 


y= 1/r { (su—eo) sin pt dp 
0 


+ 1/7 { (cu+s») cos pt dp (12) 
0 

If the initial transient is composed, in part, of a non- 
transient component, the effect of the latter must be 
calculated separately, and added to the result of equa- 
tion (12). 

The effect caused by suddenly impressing a continued 
sine wave (transient type 12) is given by the formu 


jee) 


y=— 1x [ 


0 


Pvsin pt dp 
p2— p 


P ucos pt dp sin P t 
alfa i P?— + Up 2 
0 
rr eat (13) 


EXAMPLES 
1. Let it be required to obtain the value of current 
in a circuit containing inductance and resistance, 
caused by impressing a voltage transient of type 1. 
The current through such a circuit caused by a sine 
wave of voltage is 


= ESSE aU Siena ee 
From this we obtain 
RE Sy bg 
Wes ster pee Me alensionn gee 
uo = E/R (15) 


Substituting in equation (10) gives 


(ee) 


E : 
y= un { SRE irr sin pt dp 


0 
(eo) 


LE 
~ayr f P+ pl 


2) 


cospidp + 5p (16) 
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Equation (17) was obtained with the aid of a table of 
definite integrals. 
2. The current through an inductance and resistance 
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in series, caused by suddenly impressing a continued 
sine wave of voltage may be obtained by substituting 
in equation (13) the values of u and v from equation 
(15). The result is 
E . 

L= poppy Pe R/L 4 RsinPt 


— PLcosP?) (19) 


Energy Front of Electric Circuits 
BY CHARLES P. STEINMETZ 


Fellow, A. I. E. E. 
Chief Consulting Engineer, General Electric Company, Schenectady, N. Vi 


S there has been recently some discussion of the 
position of the energy front in an electric circuit, 
and as this discussion mainly consisted in 

quoting mathematical authorities against each other, 
it may be of interest to the reader who does not care to 
go into the mathematics of it, to discuss in non-mathe- 
matical terms the energy travel inthe space surrounding 
a conductor carrying electric current. 


gem al 


It is obvious that there is no real disagreement be- 
tween the mathematical conclusions, but the apparent 
disagreement is merely the result of misinterpretation. 

Assume electric power is transmitted from a genera- 
ting station G over a transmission line A into a receiv- 
ing station S. 

1. Let us first consider the ideal case of no energy 
loss, that is, assume a perfect conductor of zero re- 
sistance, and that all the energy sent out by the gener- 
ating station G, arrives at the receiving station S. 
The electric field of the conductor and the energy 
carried by it must then move parallel to the conductor, 
as shown by the arrow D in Fig. 1; that is, the wave 
front of the energy travel, or “energy front’’ is per- 
pendicular to the conductor, as shown by F in Fig. 1. 
This is obvious, as only the energy moving parallel 
with A can arrive at S. 

2. There is however inevitably some energy dissi- 
pated in the ohmic resistance of the conductor A. 
Physically, this appears as a slowing down of the speed 


of travel of the energy front in the conductor, behind 
that in free space!, so that the energy front in the con- 
ductor, F, in Fig. 2, lags behind the energy front Fy 
in surrounding space. This means that the energy 
front near the conductor cannot remain perpendicular 
but bends back, as shown in Fig. 3, and the direction 
of energy travel near the conductor converges towards 
the conductor as seen by the arrows in Fig. 3. 

3. On a perpendicular, the distance aG Fig. 4, 
at some distance from the conductor A, is greater than 
the distance 6G, near the conductor A. The energy 
front therefore cannot remain perpendicular to the 
conductor A at greater distance from the conductor 
but must curve back, as shown by the dotted line in 
Fig. 4, so that the distances (along the stream lines) 
from the source of energy to the parts of the energy 
front in space are the same. 


Fy 
R~ 
A 
Fo 
Mice 2 


The complete shape of the energy front by (1), (2) 
and (3) thus is like Fig. 5. That is, perpendicular 
at some distance F) from the conductor A, and bent 


1. From the velocity of light 1/ VLC =3 x 10! em. per 


sec. by the factor 
aed 
22 


where z = yL/C isthe surge impedance of the circuit and L, 
C and r the inductance, capacity and resistance per unit length. 


’Feb,.:1922 °<, ote 


back nearer to the conductor, at F’, as well as further 
away from the conductor at F.. That is, the energy 
flow is parallel to the conductor at some distance from 
it, as shown by arrow D,; converging towards the con- 


Fig. 3 


ductor near it, at D,, and diverging from the conductor 
at greater distance from it, Do. Seis’ 

Thus far we have the viewpoint of the scientist. 
Next, that of the engineer comes in. Engineering is 
science applied to the use of man. The engineer thus 
resolves the phenomena into components according 
to their relation to man, useful or wasteful. 


Fic. 4 


Thus the energy flow in Fig. 5 may be resolved into 
components; those parallel with the conductor, Do, 
Doi, Doz of Fig. 6, and those perpendicular to the con- 
ductor D,’ and D2’. The former give the energy which 
arrives at the receiving station S, the useful energy 
for which the conductor was erected’. The latter 
give the energy which does not arrive at its intended 
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destination, but is wasted, absorbed by the conductor 
A and dissipated as heat: D,’, or scattered as radiation 
through space D,’. 

We separate the two radial components, since their 
economic relation to us is different. The inward com- 
ponent D,’ is responsible for the amount of conductor 
material required, the outward component D,’ does 
not require line copper, but may lead to interference 
with other circuits. Furthermore, in other circuits, 
other ones of the components of energy flow may be 
useful or wasteful. Thus in the antenna circuit of 
radio communication, the radially outward component 
D,’ is the useful energy which carries the message, 
while the radially inward component D,’ is waste energy. 

The next step for the engineer is to calculate sepa- 


Hie. 5 


rately the components, so as to make the useful ones 
large, the wasteful ones small. ° 

Thus in calculating the radiation component D,’, 
we consider only the radially outward energy flow D,’, 
but disregard the parallel flow Dy and Dy, that is, 
consider the current phase as constant throughout 
the conductor A, and the conductor thus is the radiator. 

It is obvious that ultimately the radiated energy as 
well as the transmitted energy and the energy dissi- 
pated as heat in the conductor come from the genera- 
ting station G. 

Under transmission line conditions at machine fre- 
quencies, the radiation component is negligible, so 
that Fig. 3 sufficiently represents the energy wave; 
D,’ becomes the dominating component however in 
radio communication. 


2. This useful component of energy flow we may again divide 
into two components, the one which remains at the receiving 
station, the true power; and the one which oscillates between 
receiving station and generating station, the reactive power. 


Five Hundred Tests on the Dielectric Strength of Oil 


BY J. L. Rz HAYDEN and W. N. EDDY 


Member, A. I. E. E. 
Both of the General Electric Company, Schenectady, N. Y. 


While developing a dependable method of taking experimental data with a sphere gap in transil oil, considerable 
study was made of the behavior of oil under disruptive dielectric stress. The following notes on the dielectroc strength 
of oil are offered as evidence that the nature and character of the dielectric breakdown of oil may be entirely different from 
that of atr. 

Five hundred successive breakdowns were taken on a sphere-gap in oil at the same gap setting. Because of the 
well known inconsistency of breakdowns in oil these observations showed wide variation. A curve was plotted to show 
the relation between the breakdown voltage and the number of breakdowns at each voltage. If the disruptive breakdown 
of oil is due to the voltage exceeding the dielectric strength of the oil, as is the case with atr, it should be possible to repre- 
sent such a curve of probable error, or “probability curve’’ as it is usually called, by an exponential equation. In the | 
following paper this is seen to be impossible, the most representative exponential curve being higher than the observa- 
tions at higher voltages. The explanation is offered that this discrepancy is caused by foreign particles of low dielectric 
strength being drawn into the gap and that therefore the dielectric strength of oil differs from that of air in that it does 
not represent the true breakdown value of the oil but is instead a measure of the presence of foreign particles in the oil. 


IR gives a definite dielectric strength (30 kv. per 
A em. at 0 deg. cent., 76 cm. barometer), as shown 
by the work of Peek, Ryan and Whitehead, 
and disruptive tests in air gap give consistant results 
within the errors of observation. Not so, however, 
oil. In spite of the greatest care taken to reproduce 
identical conditions as nearly as possible, successive 
disruptive tests made on the same oil differ from each 
other far beyond the possible errors of observation. 

To study this phenomenon of the erratic behavior 
of oil, and its possible cause and explanation, 500 
successive tests were made with the same sample of 
oil under constant conditions. A large sample of 
oil was chosen, the circuit opened immediately after 
each discharge, and the discharge current limited by 
resistance in the low-tension circuit, so as to give little 
deterioration of the oil (by carbonization, etc.) during 
the test, and the deterioration allowed for, as further 
described. In commercial testing of oil, usually small 
flat disks with sharp edges are used as electrodes, to 
give a combination of the effect of a uniform field and 
the edge effect. When, however, determining the 
dielectric strength of a material, as nearly a uniform 
field as possible must be used, and a field which can 
be accurately calculated. This is the case with the 
field between spheres at moderate distance from each 
other. Therefore a sphere gap was used. In view of 
the high dielectric strength of oil, and to avoid excessive 
voltage a gap of two mm. was used between spheres of 
one em. diameter. The soheres were of molybdenum, 
as experience had shown that tungsten and molybdenum 
are least liable to pitting under the discharge. After 
each test the spheres were wiped off in the same manner, 
under the oil, by a wiper kept under the oil and the oil 
allowed to settle the same length of time before each 
test. The oil was filtered hot through a number of 
layers of hot and dry filter paper, and carefully protected 
from dust and moisture. The same source of voltage 


To be presented at the 10th Midwinter Convention of the 
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supply, 60-cycle alternating current, and the same 


transformers were used, and the voltage controlled by 


the potentiometer method (shunt and series resistance), 
being the method least liable to give voltage wave 
distortion. The voltage was raised at the same con- 
stant rate in all tests, one volt per second on the low- 
voltage side of the transformers, at a transformation 
ratio of 580; in short, the conditions were kept as nearly 
the same as could be determined, and much more 
uniform than is necessary to get consistent results in 
air. The voltage was read on the low-tension side of 
the tranformers, as this checked to be accurate within 
less than one per cent. 

Nevertheless, the observed breakdown voltages in 
the successive tests differed enormously, and in entirely 
erratic manner, by as much as a hundred per cent. 

In spite of the large volume of oil used, there was 
a slight deterioration which became noticeable after 
more than 200 tests. Therefore the tests were divided 
into five successive groups of one hundred each, and 
the average value calculated for each hundred. This 
gave the average breakdown voltages (low-tension side, 
ratio 580 to 1) for the successive five sets of hundred 
tests, 

€) = 95, 96, 91, 89, 86 
showing a slight and increasing deterioration. 

To allow for this, in working up the tests, not the 
voltage e of each individual test was used, but its dif- 
ference from the average voltage of the hundred tests 
to which it belonged, that is x = e— @. 

Using these differences x = e— ep, the effect of 
deterioration was sufficiently eliminated, and all 500 
readings could be combined. The number of break- 
downs y observed at each voltage difference x is given 
in the second column of the following table, and plotted 
as y in Fig. 1, marked by circles, with x as abscissas. 

As seen, the values of y do not lie on a smooth curve, 
but vary erratically, but their grouping is similar to 
that which would be expected from a set of values 
scattering by probability around an average value. 
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A number of probability curves were calculated by 
the > A method', in the attempt to fit the relation 
between x and y. 

It was found that all the data could not be repre- 
sented by one probability curve, but the probability 
curve calculated from the positive x values—that is, 
the voltage e above the average e,—did not fit the 
negative x values, and inversely. 

However, the y values from x = + 9toz = — 22, 
comprising 84 per cent of the observations, can be well 
represented by the probability curve 

y = 24.8 ¢ 0-0051 (x-8)? 

This probability curve is shown in Fig. 1. It fits 
the observations fairly well, except that for high values 
of voltage, the observations drop below the probability 
curve, the more so the higher the voltage; that is, the 
breakdown occurs at lower voltage than given by the 
probability curve. At very low voltages, the obser- 
vation seem to be higher than the probability curve, 
but in this range their number is too small to be con- 
clusive. 

The explanation which suggests itself is as follows: 

The disruptive breakdown of oil under dielectric 
stress is not due to the voltage exceeding the dielectric 
strength of oil, as is the case in air, but is due to some- 
thing being carried into the dielectric field, or being 
produced in the dielectric field, which weakens the 
dielectric strength so as to cause a premature break- 
down. The breakdown therefore does not occur at 
a definite value of voltage, as is the case with air, 
but at values scattered over a wide range of voltages 
in accordance with the probability curve of the appear- 
ance of such dielectrically weaker material in the field. 
What this material is, we do not know; it may be 
moisture, or dissociation products of the oil, or olefines 
or fats or fatty acids, or dust or fibers, or combina- 
tions of them, in solution or collodial solution or sus- 
pension in the oil. 

On the higher-voltage part of the probability curve, 
the approach to the true dielectric strength of oil 
increases the frequency of breakdown beyond the 
probability curve, and thus causes the observations 
to drop below the probability curve. This also causes 


1. Steinmetz, ‘Engineering Mathematies,’’ Chapter VI C. 
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the maximum point of the probability curve to be at a 
higher voltage than the average breakdown voltage. 
This opens up a very interesting, and in view of the 
great industrial importance of oil as insulating material, 
Important field for further investigation. Hitherto, 
usually the assumption has been made that the dielec- 
tric breakdown of oil and other similar insulations is 


Pe 


Ora eos Pais 


Hk eh. (oyu h sey +15 +22 +31 
X= €-Eg 
Fie. 1—Propasimitry Curve or Dre.ectric BREAKDOWN 
or TRANSIL OIL AND THE PLoTTED VALUES OF THE OBSERVED 
TESTS. 


The ordinates (y) are the number of punctures that have been found, by 
observation, to take place at each value of the abscissas. 

The abscissas are the difference between the particular average value 
and the actual value of puncture voltage for each test. The numerical 
values are given in low-tension volts. The actual voltage difference 
may be found by multiplying the particular abscissa by the transformer 
ratio, 580 to 1. Thus the maximum difference from the average break- 
down (say 55,000 volts = 95 X 580) is minus 31 volts which is actually 
18,000 volts less than the average puncture value of 55,000 volts. 

On the other side of zero, the highest puncture voltage above the average 
is 21 which corresponds to 12,200 volts = 21 * 580. It should be noted 
that all the observations in this neighborhood fall far below the solid line, 
which is the mathematical probability curve given by the particular formula 

y = 24.8 €-0.0051(x-3)? 
This equation, by several trials, was found to be the nearest obtainable 
representation of all the values given by the tests and shown by the circles. 


of the same nature and character as that of air, that is, 
it depends upon a definite breakdown value, though 
the experimental behavior of oil in the dielectric field, 
such as its erratic breakdown voltage, the very pro- 
nounced time lag, etc., point to the possibility that 
the mechanism of the dielectric breakdown of oil and 
similar materials is materially different from that of 
air. 


Since the return of Alsace and Lorraine to France, 
efforts have been made to complete the system of 
navigable waterways which link up these provinces 
with the main arteries of French navigation. Among 
these is the Marseilles-Rhone canal, to connect Mar- 
seilles with the Rhone at Arles. This canal, which was 
begun in 1911, will have a length of 50 miles, and will 
enable the river barges at present plying on the Rhone 
to reach the port of Marseilles directly, whereas at 
present they are obliged to come by sea from the Port 
of St. Louis, crossing the Gulf of Fos. The construc- 
tion includes a tunnel, said to be the widest in the world, 
measuring 72 feet from side to side, with a length of 
434 miles, 45 feet high, and providing for a canal 13 feet 
deep. The tunnel was entirely pierced last June, and 
all that remains to be done is the removal of the cen- 
tral supports and the excavation of the canal itself. 
The canal is expected to be completed in 1925. 
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Review of the Subject.—Accidental arcing grounds on and choice will be determined by local conditions. Either the 
transmission lines constitute the foremost problem to be solved in Petersen earth coil or the critical-resistance ground will assume 
the transmission of electrical energy over great distances. There third place in the order of desirability as the relative advantages 
has come into use to a limited extent, arcing ground suppressors. and disadvantages of these two are about equal. 

This device consists in principle, of a switch in the station which is The advantages of the Petersen earth coil system are: first, 
automatically closed in parallel with the accidental arc at any the suppression of arcing grounds under favorable conditions ; 
point out onthe system. The parallel path through the switch shunts second, the reduction of insulator trouble; and third, small earth 
the current from the arc and thereby extinguishes the arc. This current when a fault occurs to ground. 

development is not yet completed. _ The disadvantages are: first high potentials between line and 

This paper gives the results of some experiments on an entirely grownd due to series resonance; second, maintenance of a serves of 
different device for suppressing accidental grounds—a device that arcs under unfavorable conditions, that is, resonance and high loss, 
was first advocated by Prof. W. Petersen of Darmstadt, Germany. or large dissonance and either high or low loss; third, difficulty 
The essential part of this new apparatus is a suitable reactor in obtaining selection of the faulty line by means of relay protection; 
c nnected between the neutral of the circuit and ground. This fourth, reduced lightning protection due to the necessity of high 
reactance is chosen of such a value as to neutralize the capacitance settings on arresters; and fifth, increased system insulation due to 
of the circuits when an accidental ground of one phase takes the shifting of the neutral with abnormals or transients. 
place. Under th’s acc dental condition the reactor is elec- 
trically in parallel with the active capacitances and, by the well-  tptroduction. (110 w.) 
known fundamental law, the only current that flows to the combina- 1. ‘Theory. (340 w.) 
tion of the inductance and capacitance in parallel is the current nec- 1. Operation. 
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essary to supply the energy loss im the combination. Ms Effects of Dissonance and Energy Loss. (150 w.) 
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simplified equivalent conditions are shown in Fig. 4. This energy Voltage between Sound Wires and Ground. (120 w.) 
current can be made very small and it is this relatively small Series Resonant System. (190 w.) 

current that passes through the accidental arc to ground. If the Maintenance of Resonance. (100 w.) 

ground is of the arcing type, the arc will, under favorable conditions Eig tiated SOteCe es See va 


Relay Protection. (360 w.) 


be extinguished, as the energy flowing through the fault is only that Effect on the Insulation of Systems. (175 w.) 
necessary to supply the losses in the resonant circuit. If the losses II. Operating Tests. (120 w.) 
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to support an arc and the voltage of the resonant system is gradually 
reduced to zero, while the voltage between the former faulty wire yy. 


and ground gradually rises to normal value. (v) Voltage Stresses. (300 w.) 
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HE use of an inductance coil connected between For the sake of simplicity, however, the single-phase 
the neutral of a power system and ground is ad- system will be considered first. 
vocated in an article by Prof. W. Petersen of Darm- A single-phase transmission system is represented 
stadt, Germany, in the Electrotechnische Zeitschrift, Jan- schematically in Fig. 1, involving a generator, G, 
uary 2nd and 9th, 1919. This inductance is resonated 
at the fundamental system frequency with the capacity 
reactance of the power system to ground. It is / : 
claimed that when one wire becomes grounded the \ 
current flowing through the fault is of insufficient 
value to support an arc. 
Additional information relative to the operation Fic. 1—Apprication or an Earta Cot. (EC) vo a SIna@LE- 
and limiting features of the earth coil has resulted Puasn Crrcuir 
from investigations and tests made. in this country Closing gee switch F is equivalent to an accidental ground on wire 2 and 
2 : actually short-circuits its capacitance. 
and a comparison made between this and other methods 
of grounding. 
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a transformer, 7’, a capacity between wires 1 and Fide 

C12, capacities between wire 1 and ground, and wire 2 

and ground, C, and C; respectively, and an earth coil 

EC. A fault on wire 2 to ground short-circuits the 
To be presented at the 10th Midwinter Convention of the condensers C, and the system may then be represented 

A. I. E. E., New York, N. Y., February 15-17, 1922. as shown in Fig. 2. 
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I. THEORY 


The earth coil is applicable ta single-phase and poly- 
phase systems upon which a neutral may be established. 


Feb. 1922 


we nis diagram (Fig. 2) showsthat the charging current 
for the line capacity C,.. flows through thewires la d2 
as heretofore, but the charging current for the capacity 

1 flows through the earth coil FE C, fault, and wire 1. 
The exciting current for the earth coil E C flows through 
wire 2, fault, and earth coil E C, forming with the 


Fig. 2—SIMPLIFICATION OF Fig 1 wHEN Wire 2 1s GrounpED 


The voltage on the capacitance between wires 1 and 2 remains constant 
but the voltage between wire 1 and ground has risen from half to full line- 
to-line voltage. 


capacity C, a parallel resonant circuit adjusted for 
resonance at fundamental power frequency. In prac- 
tise, the currents through the earth coil and the capacity 


Fie. 3—CurRENT IN THE Barts Coit (£ C), CurrENT IN THE 
Capacirance Wire 1, anp THE RESULTANT CURRENT OF THE 
Two (Ur) 
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C, to ground are quite large but the two currents being 
almost in opposition as shown in Fig. 3, the resultant 
current, which is the current through the fault, is 


T 
{@) By C1 
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Fic. 4-—-SIMPLIFIED DiacRram oF Hig 2 
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comparatively small, and is determined by the values 
of energy losses in the resonant system. 
The conditions of resonance of areactor and condenser 


3 


Grounded side of 
TransformerT © 


e — 
YZ, 1 C; 
EC . : 


n 7 
Fig. 5—APppLicATION OF THE EARTH CoIL (HC) to a THREE- 
Puase Crrcurt, with Wire 2 GROUNDED 


in parallel are shown more clearly,in Fig. 4 in which 
the earth coil is replaced by an equivalent reactor, 
taking the same current and connected across the lines. 

A three-phase star-connected system with earth 
coil is shown in Fig. 5. The operation of this system 
on the occurrence of a fault to ground is similar to the 
single phase system shown in Fig. 4 but in this case 
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the earth coil is to be resonated with the sum of the 
currents through the capacities C, and C3. 

The earth coil may be tuned with the line capacities 
to ground under actual operating conditions by in- 
serting an ammeter as shown in Fig. 2 and with one 
phase wire grounded adjusting the reactance of the 
coil for minimum current as shown in Fig. 6. 


Fault Current 


Earth Coil Reactance 
Fig. 6 


The lowest part of the curve of current occurs at the value of reactance 
which gives resonance with the capacitance in parallel. 


II.. OPERATION 

Effects of Resonance and Energy Loss. The most 
favorable conditions for the proper functioning of 
the earth coil, that is, the suppression for arcing grounds 
are perfect resonance and low energy losses in the reso- 
nant system. Under these conditions, the voltage 
across the fault, which is the difference between the 
supply voltage and the voltage of the resonant system, 
builds up gradually to the normal voltage to ground. 
When the current through the fault is interrupted, 
due to there being insufficient current to support an 
are, the two voltages. have magnitude and phase re- 
lations shown in Fig. 7. The voltage of the resonant 
system is then gradually reduced to zero by the dissi- 
pation of the energy losses and the voltage between 
the former faulty wire and the ground rises gradually 
to normal value. 

The chief advantages of the Petersen earth coil system 
are due to the two characteristics, of small fault current, 


1. Supply voltage. 

2. Resonant voltage. 

3. Voltage across the fault. 

When the current through the fault is interrupted the voltage across the 
fault gradually rises and reaches normal value after a few cycles. (See 
the dotted curve.) 


and the gradual rise to normal voltage on the lines 
after an arc has been extinguished. The earth coil 
avoids trouble from arcing grounds because it prevents 
the cumulative action of successive ares and thus 
precludes the building up of high voltages, tending to 
cause serious disturbances. 

With perfect resonance, but high loss, the operation 
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is as described above, except that the fault current 
is very much larger and may be of sufficient magnitude 
to maintain an arc, thus preventing a realization of 
the advantages of the earth coil. 

Effects of Dissonance and Energy Loss. The effect 
of dissonance with either high or low loss is to cause the 
resonant system to have a natural frequency other 
than that of the supply, consequently the voltage 
across the fault may rise to a value slightly less than 
twice the star voltage in a period of a few cycles, as 
shown in Fig. 8. This voltage may be even larger 
than that which occasioned the fault and, as a result, 


Fig 8—ConpiTIon or DIssonANCE 


1. Supply voltage. 

2. Resonant voltage. 

3. Voltage across the fault. 

The voltage across the fault (dotted wave) is shown as rising above nor- 
mal voltage in the second cycle after the arc ceases in the fault. 


a series of arcs may be maintained. System oscil- 
lations producing a succession of arcs may become 
cumulative in their effect and produce excessive volt- 
ages. The maintenance of such a succession of ares, 
causes the transmission line as a whole to vibrate up 
and down in voltage and may lead to serious trouble. 

Both dissonance and energy loss increases the current 
through the fault and on this account an are may be 
maintained. If the arc is maintained the transmission 
wire or insulation will probably be damaged to such 
an extent as to put the line out of commission effectively. 

Voltage Between Sound Wires and Ground. When the 
equivalent of a non-arcing ground occurs on one wire, 
the voltage between the sound wires and ground will 
rise from Y voltage to line voltage above ground. 
But when there is a “make and break’’ through the 
accidental arc the transient voltage may rise to slightly 
less than twice line voltage. This high voltage is the 
result of a redistribution of energy in the resonant 
system at the instant the fault occurs. 

Laboratory experiments made on an artificial line 
indicated that when a fault occurs, the sound wires 
will under extreme conditions, rise to 250 per cent 
or more of normal voltage. With the set-up of appa- 
ratus shown in Fig. 9 the application of a fault at the 
switch y produces the high voltages measured by the 
spark gap at the sphere gap x. In this respect, the 
earth coil system operates similarly to a free neutral 
system. 

Serves Resonant System. The system may also be 
considered as a series resonant system as shown in 
Fig. 1 in which current flows through the earth coil, 
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E C, divides equally in the transformer 7’, and flows 
through the two line wires and through their respective 
capacities C; and C, to ground. Any voltage induced 
in series with the series resonant system will produce 
a current limited only by the losses of the system. 
The voltage which may appear between the neutral of 
the system and ground is determined by the impedance 
of the earth coil and the current flowing through it. 

Voltage may be induced in the series resonant 
circuit by some other transmission line, by lightning 
discharges, by mutual induction, by unsymmetrical 
impedance under load, unequal capacities from line 
to ground, or such abnormal conditions as a single- 
phase short circuit or an open circuit on one wire. 
The induced voltage may be only a small percentage 
of the star voltage, but if the resistance of the system 
is low, and if resonance occurs, the voltage between 
one wire and ground may be many times the star value. 

For this reason then, if the earth coil is used, special 
attention should be given to the transmission system 
to have it well transposed and balanced. 

Maintenance of Resonance. The condition necessary 
for the most successful operation of the Petersen earth 
coil, that is, resonance and low energy loss, is difficult 
to obtain and maintain on a network composed of a 
variable number of feedersyoperating in parallel. For 
such cases adjustable reactors are required. Hither 
a main earth coil may be provided with taps, so that 
the inductance may be adjusted for each change in 
line capacity, or an individual earth coil may be associ- 
ated with each feeder, these coils being cut in or out 
with the feeder. Such complication, requiring a 
grounded connection on every feeder, appears to be 
very undesirable, and such installations are contrary 
to usual American practise. 
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9—CONNECTIONS oF AN ARTIFICIAL LINE TESTED IN THE 


Ric. 
LABORATORY 
When a fault was produced at the switch y the voltage across the sphere 
gap x rose to two and a half times the normal value. 


Iaghtning Protection. The installation of the earth 
coil necessitates a change in lightning arrester settings 
for the transmission system. With the grounded neu- 
tral system, the lightning arresters are set so as not 
to discharge for star voltage under wet weather con- 
ditions. With the earth coil in service, the protection 
must either be reduced by setting the arrester higher 
than line voltage or cutting the arrester out of. ser- 
vice when a transmission wire becomes grounded. 
Neither of these alternatives is desirable. On systems 
where lightning disturbances are infrequent,the operation 
of the earth coil, requiring an increase in the setting 
of the arrester, may not be very detrimental, but in 
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other regions the change in the lightning arrester set- 
ting would be very undesirable. If the earth coil were 
1 oe eal peltalieeelion 

S, , uld tend to relieve the arrester 
from interrupting the power are which follows a light- 
ning discharge. 

The Introduction of any impedance between the 

neutral point of a system and ground permits the 
neutral to rise to a voltage above ground during abnormal 
conditions. Hence the installation of the earth coil 
would Impose greater voltage stresses on the trans- 
mission system under abnormal conditions, including 
lightning disturbances, than would be the case with 
a solidly grounded neutral. 
Relay Protection. The installation of the earth coil 
in the neutral of a transmission network protected by 
any modern relay system prevents the automatic iso- 
lation of a grounded feeder due to the small differ- 
ences in magnitudes and phase relations of the resultant 
currents flowing during the abnormal condition from 
those flowing under mormal conditions. Devices which 
give satisfactory indications showing the particular 
phase grounded are obtainable, but considerable diffi- 
culty will be experienced in determining immediately 
the particular feeder that is accidentally grounded. 

An impracticable method of locating the faulty feeder 
is by an increase in current brought about either by the 
introduction of sufficient dissonance or by the increase 
of energy loss to such a value that the fault current 
will be of sufficient magnitude to operate the relays 
selectively. Under these two conditions the fault cur- 
rent may support an arc and the principal advantage 
of the earth coil installation will be lost. 

As an alternative suggestion of a solution of the 
problem, it should be noted that the installation of a 
critical resistance at the neutral of a relatively small 
power system will also offer the same possibilities as 
a Petersen earth coil. The critical resistance at the 
neutral of a large system has the advantage of per- 
mitting sufficient value of current to obtain selective 
relay operation. 

If the fault persists for an appreciable length of time, 
another method of overcoming the disadvantage of 
the earth coil is the installation of a relay in series with 
the earth coil which causes a switch in shunt with the 
earth coil to close and thereby solidly grounds the 
neutral of the system. When the earth coil is shunted 
by the switch, sufficient current for selective relay 
operation is permitted to flow. This is really a com- 
bination of two systems, initially an earth coil system, 
changing over to a solidly grounded neutral system 
and, therefore, it. has some of the advantages and 
disadvantages of both. With this arrangement, it is 
evident that, if an insulator flashes over and the arc 
persists, the system just described would * punish 
the insulator more than would be the case fan, 
solidly grounded neutral were employed. On _ the 
other hand, if the earth coil system interrupts the are 
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following an insulator flashover, it is evident that the 
particular insulator would not be punished as much. 
However the insulators on the other phases would be 
Subjected to higher voltages with the use of the earth 
coil than would be the case with solidly grounded neutral. 

Effect on the Insulation of Systems. The Petersen 
earth coil system cannot be applied to transmission 
systems having transformers with graded insulation, 
due to the fact that when one line becomes grounded, 
the other lines rise to line potential above ground; 
nor to’systems in which auto-transformers are used, 
due to the excessive voltages it would impress on low- 
voltage windings when a fault occurs in the high- 
tension side. Hence the adoption of the earth coil 
would materially increase the cost of the higher voltage 
transmission systems by preventing the possible 
economy arising from the use of graded insulation on 
transformers and the use of auto-transformers with a 
solidly grounded neutral. 

The adoption of the earth coil system as compared to 
a grounded neutral system, would increase the voltage 
stresses which would be imposed upon: transmission 
line insulators, on cable insulation, and on switching 
equipment. As a result, either the cost of line insu- 
lators and switching equipment would be increased or 
the factor of safety in insulation would be materially 
reduced. 

III. OPERATING TESTS 


Tests were made upon a 26,400-volt, three-phase, 
60-cycle network of five lines totalling 59.8 miles, to 
obtain information relative to the operation of the 
Petersen earth coil and to collect data indicating the 
suitability of such an installation for the suppression 
of arcing grounds. 

The charging currents of the systems were measured 
with various combination of lines as follows: 


Amperes 

Charging 

Lines in Service Current 
H-112, V-126, L-142, G-111, B-132 (All Lines).... iit 
H-112, V-126, L-142, ‘Bal 32) hoe ana 10.5 
H-112, V-126, GABE 32 ene ee ene 10.6 
Fae VEU 26 TAD iG = IGE ee ee eee roe eee te eee 5.9 
Val Geel 42 Gali Wee = les 2 een teen 10.0 
H-112, L-142, G-111, B-132.. 10.0 


The Earth Coil of Variable Inductance. Approxi- 
mately a 1450-ohm reactance, rated at about 160 kv-a. 
was required for installation at the neutral of the sys- 
tem to resonate with the capacitance. This value 
was made up by connecting the high-tension side of a 
300-kv-a. transformer (ratio of 18,200/2,400 volts) 
between the neutral of an 11,500-kv-a. transmission 
transformer (ratio of 13,200/26,400 volts) and ground. 
Two 100-kv-a. distribution transformers (ratio of 
2400 /240-480 volts) were connected to the low-tension 
side of the 300-kv-a. transformers, and on the low 
tension side of the two 100-kv-a. transformers a 
250-ampere, 5 per cent feeder reactance (1.525 ohm) 
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was connected. Adjustment of the correct reactance 
value was obtained both by changing the ratio of trans- 
formation and by tapping off only such portion of the 
reactance coil as needed. 

Tuning the Earth Coil and Dissonance. The earth 
coil was adjusted to resonate at 10.5 amperes, which 
is the charging current for the electrostatic capacity of 
four feeders of the network, consisting of the second 


Fie. 10—F itm 13 
the Earth coil is at resonant value. 
grounded at the instant shown in the oscillogram of sudden change of 


Reactance of Phase No. 1 is 


currents and voltage. The three records are as follows: The upper record 
(right scale) measured the current in the fault. This current is shown as a 
wide zero line until the ground is made on phase 1 when the deflection 
suddenly rises to a peak value of about 7 amperes. 

The middle record (middle scale) measure the current in the earth coil. 
This current has a peak value of nearly 1.5 amperes (the small thick lined 
wave) even under normal insulation of the three phases. This current is 
due to unbalanced conditions of the three phases. When phase 1 is 
grounded the current in the earth coil rises to a steady state value with an 
average peak of about 16 amperes. 

The lower record (left scale) measures the voltage of a non-grounded 
phase; that is, phase 3 to ground. When phase 1 is grounded, phase 3 
rises from y voltage to delta voltage. 


group of lines in the table above, viz.: H-112, V-126, 
L-142, and B-132. Line G-111 was out of service. 
Leaving the earth coil reactance constant and recon- 
necting G-111 (charging current 11.2 amperes) a con- 
dition of +7 per cent dissonance! was established. 
Next, disconnecting B-132 a condition of — 44 per cent 
‘dissonance was established. In addition to providing 
convenient operating conditions, these combinations 
of feeders provided a wide range for tests. Incidentally 
the weather was hot and dry at the time the earth 
coil was tuned. There had been no rain for several 
‘days and therefore the line leakage was small. 

The Petersen coil was adjusted for 60-cycle resonance 
under service conditions by measuring the current 
through a ground fault applied to No. 1 phase of Line 
H-112 and measuring the current through the coil. A 
number of progressive changes were made in order 
that the point of minimum current through the fault 


1. In this article the use of + a per cent dissonance indieates 
that the charging current was a per cent greater or less than 
that required for resonance. 
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indicating resonance, might be determined. The un- 
neutralized or residual current under this condition 
was 2.7 amperes with 11.9 amperes through the earth 
coil. 

The total energy loss in the system under dry weather 
conditions, determined by the decrement method, was 
about 30 kw. of which about 12 kw. occurred in the 
earth coil. The energy (not voltage) loss in the earth 
coil might be reduced somewhat for a permanent 
installation, by making up a specially wound coil, 
but the loss in the earth coil being the minor fact, 
the total loss could not be greatly reduced. The effect 
of wet weather conditions will be to increase the energy 
losses and this factor can not be controlled. 

Tests—Grounding and Ungrounding One Phase. In 
addition to other tests, oscillograms were taken to 
show the ability of the earth coil to suppress arcing 
grounds and to obtain data on the operation of the 
coil during the transient state. 

A fault was placed on phase No. 1 of feeder H-112 
at the station end, with various combinations of trans - 


Voss , He t\% ero to Gr. 


Fig. 11—Fimm 15 


Reactance of earth coil is at resonant value. The ground on phase 1 
is removed at the instant shown in the oscillogram of sudden change of 
currents and voltage. The three records are as follows: 

The upper record (right scale) measures the current in the earth coil. 
When the switch representing the fault is opened, the current drops from 
the continuous value it previously had to zero (shown by the wide horizontal 
line of the upper record). 

The middle record (middle scale) measures the current in the earth coil. 
When the switch representing the fault is opened the current in the earth 
coil does not drop immediately to zero value as in the case of the current 
in the fault. The current in the earth coil first rises a little and reduces 
gradually through three successive cycles to the small value of unbalanced 
current that is characteristic of the system. 

The lower record (left scale) measures the voltage between ground and 
a non-grounded phase. After the ground is removed from phase 1 this 
voltage gradually through three cycles reduces to less than y value and 
recovers in two cycles to y value. 


mission lines in service. Tests were made with reso- 
nance and with +7 per cent and — 44 per cent 
dissonance. In each of these dissonance tests the 
shortening of the gap by closing a disconnecting switch 
caused a steady are discharge as the blade approached 
the jaw of the switch. On opening the switch there 
was no evidence of an are. These results indicated 
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that, for dry weather condition, considerable variation 
in the number of lines connected in service was per- 
missible without destroying the effectiveness of the 
earth coil to suppress the are. 

The oscillograms, for example, film 13, indicated 
that there was a certain amount of dissymmetry in 
the three phases of the transmission system which 
caused current to flow in the circuit composed of the 
transmission lines and the capacity to ground, return- 
ing to the lines through the earth coil and the step-up 
transformers. The magnitude of this circulating cur- 
rent was determined by the change in magnitude of 
load current, but was, however, quite small—about 
one ampere. 

The voltages of the different phases to earth changed 
almost instantly with the application or removal of 
the fault. This result was to be expected as the change 
of voltages takes place as rapidly as the line capacity 
charges or discharges. 

At resonance, and during the steady state condition, 
the current through the fault (film 15) appeared quite 
peaked, having a maximum value of 4.5 amperes. The 
corresponding maximum value of current through 
the earth coil was 17 amperes. On closing the fault, 
the current built up through the earth coil in from 8 to 
4 cycles. On opening the fault, the current through 
the fault dropped to zero immediately and the voltage 
between phase 3 and ground became stable in 4 to 5 
cycles. There was a noticeable overcharge during the 
transient which occurred on opening the fault as shown 
by the voltage, phase 3 to ground, in films 15 and 16. 

During the transient which occurred when the fault 
was closed with a condition of +7 per cent dissonance, 
the current through the fault reached a maximum 
value of 18 amperes, and the current through the earth 
coil, a maximum of 70 amperes. The transient lasted 
for about 4 cycles, during which the current through 
the fault reduced to a steady state maximum value of 
4.5 amperes and that through the earth coil to a maxi- 
mum value of 17 amperes. 

On closing the fault with a condition of —44 per cent 
dissonance, the current through the fault reached a 
maximum value of about 45 amperes and through 
the earth coil a maximum of 100 amperes. After a 
transient lasting from 12 to 15 cycles, the current 
reduced to a steady state values of 7 amperes maxi- 
mum through the fault and 16 amperes maximum 
through the earth coil. 

These tests showed that for the steady state the cur- 
rent through the fault and the current through the 
earth coil approached the same steady value, and that 
the transient current on opening the fault lasted the 
same number of cycles. However, on making the 
fault, the character of the transient current depended 
upon the particular instant at which the switch was 
closed. During the transient conditions there appeared 
to be an even harmonic in the earth coil current. This 
effect of an even harmonic was probably due to the 
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unidirectional flow of energy, to re-establish balanced 
conditions, which caused the transformer to become 
saturated. Hence during the transient condition the 
peaking of the current wave during one half of the 
cycle and the flattening of the wave during the other 
half of the cycle were to be expected from the particular 
conditions that existed for this test. In addition, a 
path for the return of negative current from a local 
street railway was provided by the fault, the current 
flowing through the fault, the transmission wire, the 
transformer, and the earth coil to ground. This flow 


Fre. 12—Fium 16 
Reactance of Earth coil adjusted to resonant value. As 
ground on phase 1 is removed at the instant shown in the oscillogram of 


before, the 


sudden change in the voltages. This oscillogram shows three voltages 
(no currents). The records are as follows: 

The upper record (right scale) is the voltage of phase 1 to ground. This 
voltage is shown as a wide zero line until the switch representing the fault 
is opened when it rises in four successive cycles to a value slightly greater 
than its normal y value oscillates to less than normal and then returns to 
normal. 

The middle record (middle scale) is the voltage across the earth coil, that 
is to say from neutral to ground. This voltage drops gradually in four 
successive cycles to the small constant value which is characteristic of the 
unbalanced system. 

The lower record is too dim to reproduce. It is the voltage of the non- 
grounded phase 3 to ground. In four successive cycles it gradually reduced 
from delta value to y value. 


of direct current would also tend to saturate the trans- 
former and produce even harmonics. 

Tests were also made to determine the possibility 
of maintaining a continuous series of arcs by moving 
the fault disconnecting switch back and forth within 
arcing distance. The test was made with +7 per 
cent dissonance, and with wet weather condition, the 
air being very moist and the transmission system hav- 
ing been thoroughly soaked by a heavy rain a few hours 
before the tests. 

Under the above conditions a power arc was main- 
tained. The arc was approximately two inches long 
and several inches broad, and was of a yellow color. 
The are was noisy and appeared to the eye to be fluc- 
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tuating, that is, forming a continual series of arcs. 
The effect of the arc was to cause the blade and jaw 
of the disconnecting switch to become slightly pitted 
at various points. 

An oscillogram of this arcing condition, film 25, 
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Earth coil not tuned to exact resonance, Dissonance plus 7 per cent. 
After a severe rain storm an arcing er ound was established on phase 1. Again 
the upper record is the current at the fault, the middle record is the current 
in the earth coil, and the lower record the voltage to ground of a non- 
grounded phase. 

The oscillogram starts with the condition of me tallic ground showing an 
alternating current wave to ground. This wave is r agged with harmonics 
(probably 3rd, 5th and 7th). When the switch representing the fault is 
opened to an arcing position both the current in the arc to ground and the 


while rather difficult to follow, brought out a few points 
of interest. The maximum value of the current through 
the fault was from 80 to 100 amperes; the maximum 
value of the current through the earth coil was probably 
in excess of 70 amperes. The magnitude of the current 
through the earth coil indicated that the maximum 
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value of voltage between neutral and ground was 
about 1.3 times normal. 

There appeared to be a certain regularity as to the 
period at which the are was interrupted. This average 
value was from 1.8 to 2 cycles. To explain this uni- 
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current in the earth coil made many sudden large changes in value. There 
is great irregularity due to the various instants in the cycle that the are 
is extinguished and again established. The current in the arcing ground 
shows now and then a gradual adjustment toward zero. This was described 
in the text. 


The current in the earth coil shows dangerously high values which carry 
the deflecteous far off the edge of the film. The most severe current rushes 
are too dim on the photograph to reproduce (one of these large deflecteous 
is scratched in). 


formity of the re-establishment of the arc, the theory 
of beats caused by the fundamental freduency and the 
natural frequency of the oscillating system, has been 
put forth. On this basis the estimated dissonance 
was found to be from 6 to 7 per cent. When the fault 
was applied the two systems vibrated at the supply 
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frequency and the phase relation between these two 
systems was such as to cause negligible voltage across 
the disconnecting switch. When the fault was removed 
the two systems drifted apart causing the voltage across 
the disconnecting switch to reach a maximum value 
in about two cycles. The voltage caused by the 
oscillating system consisting of the earth coil and line 
capacities was gradually reduced to zero by the energy 
losses in this circuit. Hence, the most probable con- 
dition for the re-establishment of the are occurred 
within a number of cycles corresponding to one half 
of the difference between the resonant frequency 
and the supply frequency. The resonant frequency 
obtained from the above considerations checked well 
with the increased line capacity. 

These tests showed a peculiar wave shape of the 
residual and of earth-coil currents. This current of 
. the earth coil was shown as a heavy wide line, which 
curved at a relatively slow rate to the zero value. 
Apparently this curve was due to the snapping out 
of the are at an instant when energy was left in either 
of two forms, namely, a direct charge stored in the system 
or electromagnetic energy stored in the current trans- 
former. This stored energy caused a current to 
flow until the energy was entirely converted into J? R 
loss. Hence, it appeared that the earth coil did not 
dissipate direct charges entirely, and therefore, did 
not operate in a way to remove completely the cause 
of arcing grounds. Reference to film 25 shows that 
the maximum current through the earth coil, and there- 
fore the maximum voltage between the neutral and 
ground was preceded by a series of arcs occurring at 
uniform intervals, indicating that the earth coil system 
under certain conditions permits system oscillations 
which are cumulative and produce voltages between 
neutral and ground which may reach excessive values. 

In connection with film 25, it should be noted 
that with the exception of the weather, the conditions 
with only 7 per cent dissonance were favorable to the 
operation of the earth coil. There was no doubt 
but that the chances for obtaining an arcing ground 
would have been much greater if line B-132 had been 
cut out of service. The effect of the + 7 per cent 
dissonance was to increase the effective condenser 
capacity which probably was somewhat reduced in 
effect by leakage resistance. During the tests of the 
arcing condition, the lightning arresters were In service 
and discharged frequently. 


IV. CoMPARISON OF METHODS OF GROUNDING 
NEUTRALS OF SYSTEMS 

Five methods of grounding the neutral are considered 
and an order of preference given for each from the 
view points of voltage stresses, current stresses, relay 
operation, continuity of service and cost. This arrange- 
ment is designed to give a clear conception of the status 
of the earth coil with respect to other methods of 
grounding and a comprehensive view of the relative 
advantages of the different methods. 


CONWELL AND EVANS: THE PETERSEN EARTH COIL 


147 


It should be understood that a general comparison 
of this kind cannot be of a definiteand precise character. 
There are many factors which must be considered and 
sharp distinctions cannot be made in the analysis. 
All that is attempted here is to give a general idea 
based upon a broad classification of the important 
items that require consideration. 

For the purpose of this article, the five methods of 
grounding the neutral are defined as follows: 

v. Dead Ground. The neutral connected directly 
to the grounded earth plate without the instal- 
lation of reistance or reactance coils. 

w. Low Resistance Ground. A ground connection 
to the neutral having a resistor of the order of 
two to four ohms permanently installed be- 
tween the neutral and ground plate. 

x. Critical Resistance Ground. A ground connec- 
tion arranged as in the preceding paragraph w, 
but of the critical value of resistance necessary 
to damp out the natural oscillation of the 
system. In general, this will be a high re- 
sistance compared to two to four ohms. 

y. Petersen Earth Coil. A ground connection to 
the neutral through a reactor, which takes 
the place of the resistor of the two previous 
paragraphs the reactor being tuned for reson- 
ance at fundamental system frequency with 
the capacity of the system to ground. 

2. Infinite Resistance from Neutral to Ground. This 
is the ungrounded or free neutral system. 


Order of Preference 


Effect on 
1 2 3 4 5 
A—Voltage Stresses 
(a) At normal frequency....| v w |X, y.Z 
(b) Due to arcing grounds...| x, y v,Ww Z 
(oh) Duetodightning. yo 4. Vv w,xX ly, z 
B—Ourtent Stress. oo. ci sis ne oe we 7; ey w Vv 
C—Relay Operation..............-. Vv w X, y,Z 
D—Continuity of Service.......... Vv Ww x y Z 
E—Cost 
(a) Insulation of power 
SVS COMM Me teaernt atetrehs aetna de Vv Ww Kany Z 
(b) Grounding devices...... Z Vv Ss w y 


A—Voltage Stresses. 

(a) At normal frequency the dead ground limits the 
voltage stress which may occur to a constant maxi- 
mum value of approximately 50 per cent of that which 
may occur in any other form of ground connection. 
With the low resistance ground, the voltage stress 
across transformers may be something less than line 
voltage. 

(b) Due to arcing grounds. From a technical stand- 
point the critical resistance and the earth coil under 
the favorable conditions assumed in the table of com- 
parison, seem to be the most desirable for the suppres- 
sion of arcing grounds. Under unfavorable conditions 
the earth coil does not deserve first choice because of 
the possibility of producing excessive voltages due to 
the cumulative effects of a series of arcs. However, 
experience shows that most any system of grounding 


148 


is found to be sufficient to reduce the troubles arising 
from arcing grounds. From a practical operating point 
of view, many companies prefer to ground the neutral 
solidly or dead and isolate the feeder on which the 
ground occurs. 

_(c) Due to lightning. Three factors enter into the 
question of lightning protection. The installation of 
any impedance between the neutral of the system and 
ground tends to place additional voltage stresses on 
transformers and other apparatus. From this stand- 
point a dead grounded system is to be preferred and 
the earth coil and ungrounded system are the least 
to be desired. A second factor is the effect of the 
installation of a critical resistance which tends to 
damp out the natural oscillations. A third factor 
is the adjustment of lightning arresters. With the 
dead grounded system, the arrester may be adjusted 
approximately to star potential, whereas with the other 
methods, it is necessary to adjust for practically line 
potential. 

B—Current Stresses. 

The current stresses on apparatus due to currents 
flowing to ground through a fault are obviously zero 
with the ungrounded system and a maximum with the 
dead ground. With a grounding system permitting 
adequate relay protection, line to ground faults should 
not develop into line to line faults, hence the use of 
an impedance in the neutral would reduce the duty on 
breakers. 

C—Relay Operation. 

The reliability of relay operation is dependent upon 
the value and uniformity of the characteristics utilized 
to select the faulty lines. The dead ground is therefore 
to be preferred, as the variations in the resistance of 
the fault may limit the current flow to such values as 
to give incorrect relay operation if a resistance or other 
current limiting device is installed. 

D—Continuity of Service. 

In any power system the essentials necessary for 
the provision of continuous service are: first, the pre- 
vention or reduction of disturbances which may result 
in failure of apparatus, lines or equipment, and second, 
the isolation of apparatus, lines or equipment in the 
event of failure. 

Since the means of prevention or reduction of dis- 
turbances on power systems has not developed to the 
extent that relay protection has been developed, a 
majority of the power companies prefer to rely on the 
latter method. The dead ground is, therefore, to be 
preferred which permits the utilization of full current 
values for selective relay operation. From a purely 
operating standpoint, however, some difficulty is experi- 
enced in holding synchronous machines in step after 
a fault has been cleared on a dead grounded system. 
Consequently a low resistance is generally installed 
in the neutral. The introduction of any impedance in 
the neutral connection tends to limit the distortion of 
the voltage triangle in case of a ground on one wire 
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and thus to increase the probability of synchronous 
machines staying in step. 
E—Cost. 

(a) Insulation. Theoretically, there will be a differ- 
ence in the cost of insulating a power system in favor 
of the dead ground. Advantage has not been taken 
of this fact, except for high-voltage systems; most 
power companies preferring to employ the additional . 
factor of safety. 

(b) Grounding Devices. Of course the ungrounded 
system is the cheapest in this respect and the dead 
ground without the installation of limiting devices is 
the next preference, the installation of the earth coil 
being most undesirable, particularly if it is necessary 
to employ reactors associated with each feeder. 


V. CONCLUSIONS 


The advantages of the Petersen earth coil system are: 
First, the elimination of arcing grounds under favorable 
conditions; second, the reduction of insulator trouble; 
and third, small earth current when a fault occurs to 
ground. ; 

The disadvantages are: First, high potentials be- 
tween line and ground due to series resonance; second, 
maintenance of a series of arcs under unfavorable 
conditions, that is, resonance and high loss, or large 
dissonance and either high or low loss; third, difficulty 
in obtaining selection of the faulty line by means of 
relay protection; fourth, reduced lightning protection 
due to the necessity of high settings on arresters; and 
fifth, increased system insulation due to the shifting 
of the neutral with abnormals or transients. 

An analysis of the table giving an order of preference, 
results in the following arrangement of the different 
methods of grounding from the viewpoint of desirability: 
First, dead ground; second, low-resistance ground; 
and third, critical-resistance ground or the Petersen ° 
coil. The distinction however between dead ground 
and low-resistance ground is very slight and choice 
will be determined by local conditions. Either of 
these is generally preferable to the critical resistance 
or Petersen earth coil. An installation of an earth 
coil on a free neutral system would probably result in a 
reduction in interruptions to service. An installation 
of an earth coil on a dead grounded system would 
probably show no improvement in service and under 
most circumstances would introduce complications. 
In this connection, it is pointed out that reduction in 
interruptions are not significant, if made on the basis 
of a change from free neutral to earth coil, but merely 
prove that a grounded system is better than an un- 
grounded neutral system. 

Numerous technical difficulties with the earth coil 
have been pointed out and it is interesting to find that 
some of these points, such as high potential due to 
series resonance, have given rise to serious interruptions 
in some European installations. 
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By THE LIGHTING AND ILLUMINATION ComMITTEE 


INFLUENCE OF ILLUMINATION LEVELS UPON 
SPEED OF VISION INVESTIGATED 


Dr. P. W. Cobb, of the Nela Research Laboratory, 
has just made public a preliminary report upon some 
experiments which he undertook for the purpose of 
obtaining a fundamental idea of the influence of levels 
of illumination upon the speed of vision, and ultimately, 
if possible, of determining the exact relation existing be- 
tween these two things. While these experiments make 
certain assumptions which have not yet been experi- 
mentally tested and technical application of the results 
are therefore not warranted at the present time, Dr. 
Cobb’s investigations clearly show that there is a 
general relation between speed of vision and illumination 
intensities, and indicate that this relation is different 
for different individuals. The following is an abstract 
of Dr. Cobb’s report on these experiments. 

In reading an ordinary line of print, the eyes fix 
momentarily upon a limited number of points, perhaps 
2 to 7 in a line, and the material lying between these 
successive fixation points is sensed during the brief 
fixational pauses. This fact has led to the conclusions 
that the stimulation of the eye which plays its part 
in all ordinary work is usually momentary and is ordi- 
narily incident upon parts of the retina other than its 
center. It was this consideration which led to the 
choice of the method used in these experiments. 

An illuminated white screen (S, Fig. 1) with cir- 
cular opening O, is viewed by the observer X at a dis- 
tance of six meters. The opening is made to vanish 
by an illuminated screen back of S and photometrically 
balanced with it. An opaque object placed back of 
the opening then darkens it, so that it appears as a 
black dot. The observer fixes upon a marked point P, 
two degrees to the left of the opening, so that the latter 
is seen two degrees eccentrically to his right. A set 
of interchangeable blinds of different widths which 
fall freely under the influence of gravity just behind 
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the screen S is used to vary and measure the duration 
of the dot. The observer views these durations in a 
series of readings made under different levels of illu- 
mination or, more accurately stated, different screen- 
brightnesses—in each case, the quantity measured is 
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the minimum duration of the dot necessary for its per- 
ception. 

The observer sat in a second room and viewed the 
screen through an opening in the wall. The wall was 
illuminated by two Mazda C lamps L?, as shown; 
lamps of different sizes were employed to obtain the 
brightnesses charted in Fig. 2. The lamps near the 
screen L', were mounted on tracks so that the brightness 
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of the screen could be balanced with that of the wall. 
Special care was then taken to maintain a perfect 
photometric balance between the screen S and the 
opening O at its center under the different screen- 
brightnesses obtained. 

One set of measurements was made with seven ob- 
servers, with the light conditions as described (curves 
L, Fig. 2); another set was made with the room in 
which the observers sat, darkened (curves D, Fig. 2). 
In the latter case the observers could see only the 
major portion of the screen, marked out by the dark 
margins of the wall opening. Reference to the two 
curves show there was very little difference noted in 
the quickness of impression when the room was dark- 
ened. It will be noticed that, except at one point, the 
L and D results are practically coincident. The dif- 
ference between curves L and D at this point, when 
considered in connection with its probable error, 
appears to be of such magnitude as might be the result 
of chance as often as once in about twelve times; in 
other words, the difference can hardly be considered 
significant. Curve I7a was plotted from the readings 
of the three observers who gave the most consistent 
results in the first set of measurements. Results IJ b 
for a range of brightness extending to a much lower level 
were obtained by using these same three observers. 
It is apparent that a certain definite relation holds 
true for these three observers at least, from the lowest 
to the highest values of screen-brightnesses. The 
curves indicate a rapid increase in the quickness of 
impression as the illumination is increased. They 
also seem to show that the increase in the speed of 


150 


vision is relatively slow as we get into the higher illu- 
minations. 

Dr. Cobb points out that the lengths of time required 
for visual impression in his experiments (7 to 34 thou- 
sandths of a second) are considerably less than the 
time of the ordinary fixational pauses of the eyes in 
reading, which have been found to be from 100 to 
250 thousandths of a second, and that it might thus 
appear that the difference between the extreme (7-34) 
is, after all, not of importance. He explains, however, 
that the objects observed in his tests are absolutely 
black, seen against a surface of stated brightness. If 
the size of the hole in the screen, or the contrast men- 
tioned, or both, were to be reduced, and increase in 
the time of seeing would undoubtedly result, and it 
might then become of the same order of magnitude 
as the typical fixation pause. Also, under the experi- 
mental conditions used, the stimulus always arose 
out of an unbroken white surface. This is, of course, 
not ordinarily the case in eye-work, where it is usual 
that the stimulation resulting from one fixation falls 
upon a retina in which images due to the last stimu- 
lation (possibly also stimulations prior to that), although 
rapidly dying out, are still enough alive to delay the 
clearing up of the present image. This factor has been 
_ shown by another investigator to be an important one. 
The present work has, for the purpose of arriving at 
the fundamental fact, aimed to eliminate it, as a factor 
difficult to control and to standardize, on the assumption 
that what is found to hold true of the rapidity of vision 
under the conditions actually used will, in general, 
be found to vary in a similar way in the presence of 
disturbing factors if these latter are kept constant. 

In this connection, it is to be stated that work is now 
being planned which has for its aim the inclusion of the 
factor spoken of in the last paragraph; namely, the dis- 
turbing effect of the dying-out impression due to a 
previous exposure and the variations in this as a 
function of illumination and of distribution. Plans 
have been worked out to the point of showing clearly 
that such an investigation is technically feasible, and 
it is expected that the results will be available before 
long. 


ELECTRIC SIGN LIGHTING 


That a new era in sign lighting is on in earnest is 
evidenced by the rapidly increasing number of new, 
bigger, and brighter electric signs in all parts of the 
country. There is hardly a city or town of any size in 
which the residents have not experienced real thrills 
from gazing upon one or more recently-installed, attrac- 
tive, interest-compelling electric signs. Whether lo- 
cated in the world-famous white-light district of 
Broadway, or over the door of the general merchandise 
store on Main Street in a small town, the brighter 
electric signs shine forth at night and burn their 
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glowing messages into the minds of all passers-by with 
great effectiveness. 

Up to about a year and a half ago, the vast majority 
of electric signs in this country employed 214- 5- and 
10-watt signlamps. In the short period of a year anda 
half, however, many of the signs in the downtown 
districts in cities of all sizes and in a great many towns 
have been entirely re-equipped with higher-wattage 
lamps, so that today these signs are filled with 25-, 50-, 
75- and, in a few instances, 100-watt lamps, depending 
upon the brightness of the background and surrounding 


areas. 

A dominant factor in this transformation of these 
signs has been the work carried on in this field by sign 
and lamp manufacturers in various sections of the 
country, who have pointed out to sign users the nu- 
merous advantages of high intensity sign lighting, with 


Fig. 1—Many Dirrerent Types or Evecrric SIGNS ARE 
EMPLOYED IN THIS THEATER DistTRICT 


the result that a large number of first-class signs 
may now be found in almost every city and town, and 
the number is constantly increasing. 

Fig. 1 shows the large number of electric signs used 
in the theater district of one large city. This photo- 
graph is especially interesting from the standpoint of 
the different types of signs illustrated. It will be 
noted that the translucent letter sign on the extreme 
right is clear and sharp against its dark background, 
which is characteristic of this type of sign. For 
signs with letters less than 16 inches in height, a very 
much smoother and more finished appearance is ob- 
tained with translucent-letters than with exposed lamps. 
Another advantage of the translucent letter signs is 
that they present a good appearance both during the 
day and at night. The power cost of these signs is 
less than that of exposed lamp signs, not because they 
are equally effective when less bright, but because 
they use a smaller number of larger and, therefore, 
more efficient light units to get the same, or an even 
greater average brightness. 
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On the letters of the theater sign in the center of 
the photograph, 50-watt white Mazda lamps are used. 
In parallel with these 50-watt lamps, a circuit of 10-watt 
lamps outlines the letters. The two circuits are pro- 
vided to make it possible to have two distinct effects 
for proper occasions. The other theater signs and 
their marquise are equipped with 75-watt daylight 
lamps, which give them a high degree of brilhaney. 
The marquise of the Allen Theater is rendered especially 
striking and attractive by the use of 75-watt diffusing 
bulb lamps. These installations are typical of those 
now found in use at all our progressive theatres. 


The Cadillac sign in the distance is an extremely 
effective electric sign; from every standpoint—char- 
acteristic design, location, use of proper lamps, and main- 
tenance, it stands out as a modelinelectrical advertising. 
For the past six years this sign was equipped with one 
thousand 10-watt lamps. As a result of inadequate 
maintenance, and especially after the installation of a 


Fig. 2—TuHis CoMBINATION OF ELEcTRIC SIGN AND OUTLINE 
LIGHTING GIVES A STRIKING, DisTINcTLY PLEASING EFFECT 


white way street lighting system a few years ago and 
the more recent development of this theatre district, 
this sign lost most of its attractive power. Recently 
the sign was repainted, rewired, and equipped with 
25-watt blue mazda B sign lamps, and once more it 
stands out brightly and is just as effective as it formerly 
was. 

An unusual and very striking example of exterior 
electrical display is seen in the illustration Fig. 2, 
of the recently opened Chicago Theater in Chicago. 
The sign is seventy-four feet from top to bottom, 
seventeen feet in width and contains 2,874 sockets. 
The letters of the sign are equipped with 75-watt 
lamps and 25-watt lamps are used in the border. 
Equipped with a very attractive flashing schemes, 
and used, as it is, in connection with the imposing 
outlined figure of the theater itself, this sign is without 
question the most effective theater sign in operation 
at the present time. 
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HIGHER ILLUMINATION STANDARDS ADVOCATED 
AS AID TO DEFECTIVE VISION 

The report of the Committee on Elimination of 
Waste in Industry of the American Engineering Council 
on “Accidents Due to Eye Defects’ contains some very 
interesting observations regarding the prevalence of 
defective vision as found in the industries today. It 
stresses the importance of correcting subnormal vision 
among employees, insisting that excess eye fatigue 
results in conditions which must produce loss, due to 
lowering the quantity and quality of whatever is pro- 
duced. Subnormal vision was found to be of great 
frequency. One investigation showed that out of 
2,906 garment workers only 748 or a little over 25 per 
cent had normal vision in both eyes, 17 per cent 
having normal vision in one eye with the other eye 
defective. The highest percentage of defective vision 
was in the class of workers who made the greatest 
use of their eyes. 

An examination of more than 10,000 employees in 
factories and commercial houses found 53 per cent 
with uncorrected faulty vision. Of 675 employees in 
a typewriter company, 58 per cent were found to be 
in need of correction by glasses. Of the rejections 
of the National Army, 21.7 per cent were because of 
eye trouble. An examination of the vision of 3,000 
employees in a paper box factory in Brooklyn, N. Y.., 
showed that the percentage of normal was only 28. 
The report continues: 

“As in the correcting of other factors of occupational 
hygiene, standards have been set; so, after further 
study, visual acuity standards will have to be determ- 
ined for each grade of workers and readjustments 
made, with alterations in our methods of testing acuity 
to suit conditions, until these standards give us the 
necessary minimum for each kind of work. As ex- 
aminations are made at present any set level would 
exclude workers shown by practise to be very efficient 
producers. 

“Many subnormal eyes will work well even for fairly 
trying work if conditions are good. Therefore, it is 
first of all urgent to bring the working condition up 
to the best, on the basis now understood. 

“Byen the most superficial survey of lighting con- 
ditions reveals that in the majority of plants there is 
much improvement possible, in spite of the actual 
increase in production quantity and quality when 
poor illumination is corrected to standards now con- 
sidered satisfactory. There seems to be no question 
of loss due to faulty lighting conditions.” 

One estimate, the report stated, placed the loss 
due to faulty lighting conditions in this country as 
above the entire cost of artificial illumination. In 446 
industrial plants investigated only 8.7 per cent were 
found to be in excellent condition. The other ratings 
were: Good, 32 per cent; fair, 29.1 per cent; poor, 
18.8 per cent; very poor, 3.5 per cent; partly good, 
partly poor, 7.8 per cent. 
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IV—ELEVATOR CONTROLLERS 


HE elevator controller is one of the most important 
ale and at the same time perhaps the most compli- 
cated part of the equipment as it provides many 
of the safety features. The smooth operation of the 
elevator car is largely dependent upon its functioning, 
and the design affects the power consumption to a 
marked degree. Considerable economy can be ob- 
tained by selecting the best type for each particular 
application. 
CHARACTERISTICS 

Among the more important characteristics of the 
control are safety and reliability, although the motor 
selected should have characteristics that render it 
inherently safe for elevator operation. The connec- 
tions to the controller must permit stopping the car 
at any time under any conditions of load; it should 
automatically stop upon the release of the car switch 
handle by the operator. The elevator car must be 
stopped automatically at each limit of travel to pre- 
vent it from traveling into the pit at the bottom or 
sheave beams at the top of the hoistway. The question 
of safety is associated with that of reliability. Even 
if the scheme of control is essentially safe, its proper 
functioning depends upon the apparatus being reliable. 

Controllers must be designed and built to withstand 
frequent severe operation; one half a million operations 
a year, partly at least with inexperienced operators 
who do a great deal of ‘inching’ for landings, not 
being unusual. Frequent plugging is common, with 
resultant high currents to be commutated. Also 
the location of elevator machinery is not conducive 
_to regular inspection, and frequently maintenance is 
left to the janitor of a building who ordinarily knows 
little about electrical apparatus and its care. 

Elevators are installed in buildings for the purpose 
of carrying passengers between the ground floor and 
the upper floors. Many buildings are so tall that it 
would be a distinct hardship and often an impossi- 
bility for the tenants to walk up and down stairs. It 
is, therefore, necessary to have the elevators in opera- 
ting condition at all times. In the event of fire or 
accident it is important that they should function 
properly to remove the tenants from the upper floors 
of the building. 

Frequently the elevator equipment is located above 
the hoistway or adjacent to it, so that it is essential 
to have the controller quiet; otherwise it may disturb 
the persons who occupy the upper floors. 


All unnecessary complications should be eliminated 
from the controller and all essential adjustments should 
be readily understood and easily made. After being 
adjusted the parts should remain fixed under normal 
operating conditions. 

The controller should be neat in appearance and all 
working parts readily accessible for inspection and re- 
pairs. It should be so located as to provide ample 
working space around it, and sufficient illumination 
should be provided to facilitate inspecting and repair- 
ing this apparatus. 

FUNCTIONS 

The elevator controller performs a number of diff- 
erent functions, among the most important of which 
are the following: 

To start the motor and accelerate it to full speed in erther 
the wp or the down direction, and to stop it at the 
will of the operator. 

The starting and the stopping of the motor is per- 
formed by switches which must make and break the 
electric circuit. These switches are subject to con- 
siderable burning and should be of such design as 
to withstand this action with infrequent repairs and 
renewal of parts. The smooth acceleration and re- 
tardation of the motor are most important, and usually 
present the greatest difficulties in the design of the 
controller. Under different conditions of loading, the 
motor may act either as a motor or as a generator; 
therefore the usual methods of accelerating and retard- 
ing with a positive load may not give smooth operation 
when the load is negative. For example; when resist- 
ance is inserted in the armature circuit of a d-e. 
motor under a positive load, the speed of the motor 
decreases in proportion to the resistance which is in- 
serted. If, on the other hand the motor has a negative 
load and is operating as a generator, the more resist- 
ance inserted in the armature circuit, the faster will 
be the motor speed. It can be readily seen, therefore, 
that the ordinary methods of control are not suitable 
for elevator service. The same remarks apply to a 
slip-ring induction motor with resistors in the secondary 
circuit. 

To control the speed of the motor at the will of the operator. 

The various methods of speed control will be dis- 
cussed under a separate heading. It is necessary for 
the control to provide for one or more reduced operating 
speeds in order to make a satisfactory landing, par- 
ticularly where the car speed is high. These low 
speeds should be positive so that they are available 
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when the motor is operating as a generator as well 

as under positive load. 

To stop the elevator at each limit of travel. 

The elevator car travels in a hoistway which is 

limited at the bottom by a pit and at the top by the 

beams which support the sheaves and often the winding 
machinery. 

Low-speed elevators can be readily stopped at the 
top and bottom landings without a preliminary slow- 
down device, but the higher-speed passenger elevators 
must be slowed down before the terminal landings are 
reached in order to make a successful stop. This can 
be better understood if we consider that the car may 
be approaching the bottom landing in one case with 
no-load and in the other case with the maximum load. 
If the car operates at a speed of 400 or 500 ft. per min. 
the loaded car will drift considerably farther than the 
empty car when the controller disconnects the motor 
from the line and applies the brake. The terminal 
stops must be so adjusted that the car will reach the 
bottom landing with a light load. It will, therefore, 
drift considerably beyond this landing with the maxi- 
mum load. If the controller provides means for re- 
ducing the speed of the car to 50 or 100 ft. per min. 
before the final stop is made the difference in drift 
between no-load and full-load will be very small 
and a satisfactory stop can be made. 

To provide additional means for disconnecting the motor 
from the line and applying the brake im case of 
overtravel. 

The car is stopped at either limit of travel by the 
regular slow-down and stopping device, but should 
this device become inoperative, additional means are 
provided for positively disconnecting the motor from 
the line and applying the brake in case the car travels 
beyond its ordinary limits. This latter means usually 
consists of hoistway limit switches so arranged that the 
ear will open them and stop if it travels beyond its 
usual limits. 

To provide a brake which will positively stop the car and 
hold it securely at the landing. 

Two forms of brakes are used. One is a mechanical 
brake which is applied by a spring and released by a 
magnet. This brake is set when the magnet coil is 
disconnected; it is used for making the final stop and 
holding the load. The other is the dynamic brake 
which is used on direct-current machines to assist the 
magnet brake in stopping the machine. This is ob- 
tained by connecting the terminals of a d-c. motor 
to a resistor, the moving load driving the motor as a 
generator. By changing the resistance in the armature 
circuit the retarding torque can be adjusted to suit 
existing conditions. The satisfactory stopping of the 
car depends upon the proper adjustment of these two 
methods of braking. 

The controller should govern the motor in an eco- 
nomical manner. The degree of economy will differ 
for each type of equipment. The current which passes 
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through the resistor units represents a direct loss of 
energy; therefore the longer this resistance is in circuit, 
and the more current that passes through it, the less 
the efficiency of the elevator. 


METHODS OF OPERATION 

A controller may be operated in several ways: 

Hand Rope and Lever Control. This consists of 
a rope which runs the full length of the hoistway in 
the form of a loop. (Fig. 7 shows the electrical equip- 
ment). Onehalf of thisloop passes through the elevator 
car. While the car is in operation thisrope is stationary. 
In order to start, the operator pulls on the rope. This 
moves the controller and connects the motor to the 
line for the proper direction of rotation. When the 
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Fig. 7—SpEur-ContTatneD Semr-Macnet Hupvatror 


desired landing is reached the operator takes hold 
of the rope so that the movement of the car pulls the 
rope in the opposite direction and brings the car to rest. 
This method of operating elevators is used for low-speed 
freight machines. A lever or hand-wheel may be used 
for manipulating this rope instead of having the op- 
erator pull on the rope directly. Attachments of this 
kind enable the operator to govern the controller at 
higher car speeds, but they are rather cumbersome 
and not as desirable as full electric control. 

Car Switch Control. This method consists of locating . 
a master switch in the car. (Figs. 8 and 9 show typical 
control panels.) The movement of the master switch 
handle to either side causes the car to travel in the 
direction desired. The connections are usually made 
so that the movement of the handle toward the door 
or front of the car causes a downward motion and a 
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movement in the reverse direction an upward motion. 
The switch is arranged with a spring for centering the 
handle in case the operator releases it, thus bringing 
the car to rest. The handle is provided with a latch 
for holding it firmly in the “‘off’’ position to prevent 
accidental starting of the car. 


Fig. 8—Fuuit-Macner D-C. Expvator ConTROLLER 


This master switch is connected by wires with con- 
tactors on the control panel and operates the elevator 
by energizing the magnets of these contactors. The 
acceleration of the car is automatic so that the car 
switch is used only to determine the direction of travel 
and to select the proper operating speed. 

Push Button Control. This method of controlling 
the car provides for automatically stopping it at the 
desired landing. (Fig. 10 shows a typical control 
panel.) It has a particular field of application in 
apartment houses, small hotels, stores, clubs, ete. 
where the service does not warrant the expense of a 
regular operator. The control itself is inherently more 
complicated than other types and therefore is not quite 
as reliable. It is a time and power waster because so 
many trips are made with light loads and without 
regard to floor demands. 

A push button is located near each landing door. 
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When a button is depressed momentarily, the proper 
connections are set up in the controller to move the 
car to that particular landing and to automatically 
stop it when it reaches the landing. Inside the car 
is located a series of buttons, one button corresponding 
to each landing. When the passenger enters the car 
and closes the landing door and car gate he momen- 
tarily presses the button corresponding to the desired 
landing. The car then travels to that landing and 
automatically stops. The control for elevators of this _ 
kind is substantially the same as for an elevator using 
a car switch, with the addition that a selector switch is 
provided which is driven either by the machine or by 


the elevator car and makes the connections that auto- 


matically stop the car at the desired landing. One 
form of selector is shown in Fig. 11. 

Dual Control. Dual, or combination, car switch and 
push button control fills a demand where the service 
justifies the employment of an operator for only part 
of the time that the elevator must be in service. This 
demand comes in larger apartment houses, industrial 
office buildings, clubs, etc. Its first cost is higher than 
that of any other type, but due to the two different 
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forms of control is somewhat more reliable than the 
straight push button control. Push buttons are pro- 
vided at each landing for calling the car to that landing. 
A set of push buttons and a master switch is placed 
inside the car. Means are provided to render the push 
buttons within the car inoperative when the car switch 
is being used. At the same time the connections to 
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the landing push buttons are transferred to the annun- 
ciator operation. 
METHOD OF ACCELERATION 


The elevator motor is automatically accelerated from 
rest to the operating speed. There are several methods 
for obtaining this automatic acceleration. Among the 
more common methods are the following: 


ty 


Ding tay Eg: aha 
ag ‘ge Boe) y 
a" ® et 


a 


mo) 


‘ Fassett ees 


Fie. 10—A-C. Furt-Macnet ELpvaTtor CONTROLLER 
With floor selector relays for push-button operation. 


Time Element Acceleration. This is based on the 
principle that time is required to accelerate the motor. 
Usually the device provides a definite time for accelera- 
tion independent of the load of the car. One of the 
most common devices of this type is a dash-pot, either 
air or oil. 

The advantage of this method of acceleration is the 
smooth start which it provides under all conditions of 
loading. Sufficient resistance can be provided to 
start the car smoothly with a light load. With a heavy 
load the timing device short-circuits sections of resist- 
ance until the motor develops sufficient torque to 
accelerate the load. Well designed accelerators of this 
type are not materially affected by variations in line 
voltage. 

Counter E. M.F. Acceleration. This method makes 
use of the principle that the voltage across the ter- 
minals of the elevator motor increases with the speed 
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of the motor so that magnet contactors connected 
across these terminals have their magnetism increased 
with the speed of the motor and can be adjusted to 
short-circuit sections of the starting resistance cor- 
responding to different motor speeds. These magnetic 
contactors when properly designed are not affected 
seriously by atmospheric conditions, dust, or dirt, and 
therefore should remain in adjustment. This method 
of acceleration is sensitive to a variation in line voltage, 
but elevators are usually connected to the same service 
lines that furnish the lighting for the building and the 
voltage regulation is generally very good. Where 
poor regulation exists, special devices can be used to 
compensate for voltage fluctuation. The starting 
resistor should permit the motor to develop sufficient 
torque to start the maximum load. 

Current-Limit Acceleration. This method of accelera- 
tion is dependent upon the current taken by the motor 
during acceleration. The motor must draw sufficient 
inrush current from the line to develop the torque neces- 
sary to start hoisting the maximum load. After this 
load has been started from rest the friction decreases 
as the running friction is less than the static friction; 
therefore, a larger part of the motor torque is available 
to accelerate the load, and the motor increases in speed 
until the torque developed is just sufficient to balance 
the load. At this value of current a relay closes the 
contacts to the next accelerating switch which in turn 
accelerates the motor to a higher balance speed. This 
process is repeated until all of the starting resistance 
has been short-circuited. With this method of control 
the motor is accelerated at a constant torque value, and 
therefore it reaches full speed quicker with a light load 
than with a heavy load as more torque is available for 
acceleration. 

All magnetic contactors require an appreciable time 
to close so that any control system using contactors 
will have some time element. By modifying the 
design of these contactors the time element can be 
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increased. This small time element is useful when the 
counter e. m. f. or current-limit method of acceleration 
is used to assist in giving a smooth start. 

Another element which contributes towards smooth 
operation is the induction in the motor circuit. This 
inductive action checks the rush of current at the time 
a contactor short-circuits a section of armature resist- 
tance. The inductive effect may be increased by 
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adding an impedance coil to the circuit or by a special 
design of the elevator motor itself. The time constant 
of the motor may be increased by several well known 
methods, thus smoothing out the transition between 
the steps in the controller. 

An elevator motor may be accelerated by a combina- 
tion of two or more of these methods. As pointed out 
above, there is always some time element in every 
contactor, which may be increased by special design, 
this giving a combination of t?me element acceleration 
with either cownter e. m. f. or current-limit acceleration. 

V. Methods of Speed Control. The speed control of 
the elevator motor is very closely associated with the 
method of acceleration and may assist materially in 
smoothing out this acceleration. The method of speed 
control depends upon the type and design of motor. 
Some of the methods are as follows: 

By Adjusting the Field Strength of the D-C. Motor. 
Most direct-current motors can be operated at dif- 
ferent speeds by simply changing the strength of their 
fields. The range of speed obtained depends upon the 
design of the motor. Ifa considerable change in speed 
is required by this method, a larger and more expensive 
motor is required than for the ordinary constant-speed 
design. If the motor is massive and responds slowly 
to a change in field strength, very little difficulty is 
introduced by this method of speed control. If, how- 
ever, the motor responds quickly, relays or other devices 
are used to limit the current during the change in 
speed. This method of speed control is very popular, 
particularly for the higher-speed, geared elevators. 
This is a very economical method of speed control. 

By Connecting Resistors in Series and in Shunt with 
a D-C. Motor Armature. The shunt resistor has a 
stabilizing influence and limits the speed variation under 
different conditions of loading. This method of 
control is very commonly used to obtain the low speed 
from which a landing is made. With the same amount 
of resistance the speed will vary considerably, depend- 
ing upon whether the motor has a positive or negative 
load, but for making a landing this speed range is not 
too great to obtain practical results. It is the least 
economical method of speed control of a d-c. motor and 
is therefore, generally used only for obtaining the 
landing speeds. 

By Applying a Variable Voltage to D-C. Motor 
Terminals. The best known system of this kind is 
where a separate generator is used for each motor, the 
generator field being changed to obtain the different 
motor speeds. Where the generator is properly 
designed the elevator motor can be operated from rest 
to full speed in either direction by changing the strength 
and the direction of the generator field. A good 
arrangement for the motor-generator set is to use a 
single motor driving two generators in order that the 
elevators may be shut down in pairs to eliminate-the 
standby losses. 

By Applying Several Different Voltages to the Ter- 
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minals of a D-C. Motor. These different voltages are 
usually obtained from a motor-generator set having 
several different generators, each generator providing ~ 
a different voltage. The transition between voltages is 
obtained by inserting resistance in the armature circuit. 
With this method of control it is necessary to reverse 
the armature connection to reverse its direction of 
rotation. One motor generator set usually supplies 
several elevators. 

Where a storage battery is available the intermediate 
values of voltage may be obtained by taps taken from 
this battery.” 

The last two methods of control have been used to a 
limited extent. These increase the first cost of the 
installation but may reduce the cost of power by elimi- 
nating most of the rheostatic loss during acceleration and 
slowdown. This is of particular advantage in cases 
where the elevator motor has little speed regulation 
by shunt field control. 

By Changing the Number of Poles of an A-C. Motor. 
These motors are of the induction type and may have 
either squirrel-cage or wound secondaries. They are 
usually provided for two different pole combinations; 
one, a large number of poles giving a low speed from 
which the landing is made and the other a smaller 
number of poles providing the regular running speed. 
The primary may have either two sets of windings, one 
for each set of poles, or a single set of windings arranged 
for two sets of connections. The introduction of the 
two-speed a-c. motor has enabled the operating speeds 
of a-c. elevators to be materially increased. One of 
the most popular combinations is a 3 tol1ratio, although 
motors are now built with a 6 to 1 ratio. 

By Changing the Frequency of Power Supply to an 
A-C. Motor. This method of control has been very 
little used up to the present. The most convenient 
method of obtaining the reduced frequency is to provide 
a small frequency changer which can be connected to 
the primary of the elevator motor when a low speed is 
desired for making a landing. 


DETAILS 


The elevator controller is made up of a number of 
unit parts, each of which performs a function in con- 
trolling the elevator. The parts usually found in a 
controller together with their functions are as follows: 

1. A line switch for disconnecting one side of the 
motor from the line. This switch may be operated 
every time the car is moved or it may remain normally 
closed and be opened by a safety device or by failure 
of line voltage. 

2. Reversing switches which change the direction 
of rotation of the motor and are normally used for 
opening and closing the motor circuit. Some of these 
switches operate each time the car is moved. For 
magnet control either two double-pole or four single- 
pole switches are used. 


3. The accelerating device which automatically 
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short-circuits the starting resistance when the motor is 
being brought from rest to the operating speed. A 
similar device may be used to limit the armature cur- 
rent when the field strength is changing. 

4. A dynamic brake for slowing down the d-c. 
motor when the elevator is brought to rest. This 
brake consists of an electric connection between the 
motor terminals and a set of resistors. The switches 
for making these connections may form part of the 
reversing switches or may be separate units, the num- 
ber depending upon the car speed and the type of 
motor. 

5. A mechanical brake for making the final stop 
and holding the car securely at the landing. This 
brake is usually applied by a spring and released by a 
magnet. 

6. Terminal stops for bringing the car gradually to 
rest at either limit of travel independently of the 
operator. Usually two different devices are used for 
this purpose, one of which operates normally and the 
other an emergency device as previously explained. 
The second set is generally known as overtravel limit 
switches. 

7. Some means in the elevator car which will enable 
the operator to control the elevator. This may con- 
sist of a rope or a lever, a car switch or a set of push 
buttons depending upon the method of control. 

8. A safety switch in the car for stopping in case 
of failure of the regular operating means. 

9. A slack cable device for stopping the motor in 
case the car or counterweight is obstructed in its 
travel. A device of th’s kind is required only for drum 
machines. 

10. High-speed elevators usually have a switch 
operated by the speed governor which automatically 
reduces the motor speed if it exceeds a predetermined 
limit. 

11. Gate or door switches to prevent operating 
the elevator until all doors or gates are closed. 

12. Every controller should provide overload pro- 
tection. This may consist of fuses, but is usually a 
circuit breaker, or an overload relay operating in con- 
junction with the main line contactors. 

13. Where the operating device in the car is not 
self-centering, low-voltage protection should be pro- 
vided, to prevent the accidental starting of the ele- 
vator after failure of power until the operating mecha- 
nism has been returned to the “off” position. For 
a-c. elevators this device usually protects against the 
failure of power in any phase of the supply circuit. 

14. Alternating current motors should have pro- 
tection against an accidental reversal of phase which 
would cause them to operate in the wrong direction. 

15. The higher-speed elevator controllers provide 
for a low-speed for making a landing. Sometimes the 
control provides for several operating speeds less than 
the maximum running speed. 

16. A floor leveling device is sometimes included 
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as part of the control. This consists of automatic 
means for bringing the car platform level with the 
landing and maintaining it in this position. 

Each type of elevator requires its own special form 
of control. The lower-speed machines require a less 
complicated control than when the elevator is operated 
at a higher speed. Often freight elevators have dif- 
ferent requirements from passenger machines. Con- 
siderable skill and experience is required in the design- 
ing of control equipment and selecting the necessary 
features. Each control should contain all of the fea- 
tures necessary for a successful operation, but any 
additional features add to the complication and may 
be undesirable. 


V—BRAKES AND OTHER SAFETY 
ACCESSORIES 


Brakes and other safety accessories have little to 
do with power application to electric elevators but they 
are so vitally a part of the elevator equipment that a 
good idea of the complete elevator plant cannot be 
obtained without a complete understanding of these 
features. 

BRAKES 

While the brake is a small part of an elevator machine 
it is an exceedingly important part. Because of the 
frequency of starts and stops it is highly essential 
that the car be brought to rest quickly and without 
shock or jar to the passengers. Also once brought to 
rest it is just as important that the car be maintained 
in its position in the hoistway while passengers are leaving 
and entering it. The functions of bringing the car to 
rest and maintaining it in a stationary position are 
obtained by the brakes. Elevator brakes are divided 
into three classes,—mechanical, dynamic and magnetic. 

Mechanical Brakes. The straight mechanical brake 
is little used. To some extent it is still being installed 
on hand rope controlled freight elevators and side- 
walklifts. Most states prohibititsuseon any passenger 
elevators because of its lack of protection to the car 
and occupants. As the name implies, it is simply 
lined brake shoes bearing against a pulley on the motor 
shaft. It is applied manually with the hand rope 
within the car, and automatically at the terminal 
landings by the traveling nut mechanism on the machine 
which has the double duty of returning the reversing 
switch to neutral, interrupting the motor circuit; 
and applying the mechanical brake. If, during opera- 
tion, the voltage fails, the brake will not be automatically 
applied. 

The mechanical brakes gives smooth results in stop- 
ping because a gradual application may easily be made 
by properly manipulating the control rope. 

Dynamic Brakes. In the app ication of dynamic 
braking, advantage is taken of the ease with which a 
direct-current motor may be converted into a direct- 
current generator. The shunt field either partially 
or fully energized is connected to the line, and the 
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revolving armature is shunted with a resistor. Thus 
the motor operates as a generator and “‘pumps” current 


through the dynamic braking resistor thereby con-: 


verting the mechanical energy of rotation into electrical 
heat. While this type of brake alone will not bring an 
elevator to rest, particularly if the load is overhauling, 
it will materially reduce the speed so that from that 


Fig. 12—D-C. MaaGnet-Opreratep ELevator BRAKE 


speed the magnetically operated brake may easily be 
depended upon to bring the car to a safe and smooth 
stop. On the higher-speed d-c. elevators a graduated 
dynamic braking is furnished, which provides a braking 
more nearly proportional to load and speed conditions. 

With alternating current, a braking effect similar 
to direct-current dynamic braking is sometimes fur- 
nished when a two-speed motor is used. In this case 
the low-speed winding is connected to the supply lines 
while the armature is rotating above the synchronous 
speed of this winding. Thus the motor acts as a self- 
excited induction generator and a powerful “‘dynamic’”’ 
braking is obtained to bring the motor down to the 
synchronous speed of the low-speed winding. In this 
case energy is restored to the line during the braking 
period. 

Direct-current dynamic braking is wasteful of elec- 
trical energy because the energy of rotation is lost in 
heat. The same applies to the mechanical brake where 
the energy is absorbed in the brake shoes. No effec- 
tive method, economical of electrical energy, has been 
devised for quickly slowing down and stopping an 
elevator, although a direct-current motor with a wide 
speed range by shunt field control is economical in 
slowing down, as is also the two-speed alternating- 
current motor referred to in the preceding paragraph. 
(See Part III.) 

Magnet Brakes. The importance of the magnet 
brake particularly on alternating current cannot be 
over emphasized. See Figs. 12 and 18. The reasons 


‘REED: ELECTRIC ELEVATORS 


Journal A. I. E. E. 


for its great importance have been outlined in Part III 
under the subject of ‘“The Elevator Motor.” 

The magnet brake consists of brake shoes, similar 
to those used with the mechanical brake, operated by 
an electromagnet. This type of brake should always 
be used in addition to any other, except for low-speed 
freight sevice, for the purpose of positively holding 
the car stationary at the will of the operator. 

On direct current, the magnet brake has been a small 
problem, but on alternating current it becomes a 
difficult one because of difficulties in satisfactory 
magnet design. Various types of magnets are being 
used, such as single-phase long-stroke, polyphase long- 
stroke, polyphase short-stroke and constant-stroke. 
The constant-stroke magnet is no more than a small 
motor designed to remain across the line with the 
rotor stalled. This magnet is sometimes called a 
torque. motor. This type of magnet does not seal. 
It is difficult to keep quiet an alternating-current 
magnet that does seal. It is liable to slam in clos- 
ure, and unless the laminated parts are perfectly sur- 
faced and perfectly aligned it will hum after closure. 
A dash-pot is sometimes used for long-stroke magnets 
to reduce the slap in closing, and sometimes the entire 
magnet is immersed in oil to deaden the noise. One 
type of constant-air gap magnet, which is very quiet, 
absorbs the energy of rotation in a small auxiliary 
mechanical brake. 

It is realized that if a mechanical brake action could 
be accomplished automatically in a magnet brake, 
smoother stopping results on alternating current could 
be obtained. Three manufacturers have tried the fol- 
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lowing schemes: A single magnet with the main brake 
spring partially counteracted by a weaker spring is 
used, and a dashpot is so arranged that the brake shoes 
are applied with partial pressure which quickly in- 
creases to maximum. The main objections to this are 
the use of a dashpot and the fact that the operator 
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does not have any control over the weak and strong 
‘settings. Another scheme is the use of two independent 
-magnets or complete brakes, in which case the operator 
has control over the weak and strong settings, giving 
_ good stopping results. The objection to this is the 
use of two magnets. The third method consists in 
the use of a single short-stroke polyphase magnet with 
_ a variable reactance in the magnet circuit proportioned 
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to break the seal of the magnet but still maintain 
sufficient current in the brake coils to partially counter- 
act the brake spring tension. As the ear control switch 
is moved towards the “off” position, this reactance 
is decreased so the action of a mechanical brake is 
practically reproduced. This has worked out suffi- 
ciently well so that it is being used on elevators driven 
by single-speed motors and running 300 ft. per min. 


An objection to this method is the noise which is always 


present to some extent when the reactance is cut into 
circuit. sali 


Fig. 15—Enevator Car OPERATING SwiTcH 


The last two types must be so wired that there will 
be no way for the operator to hold the weak brake 
condition when the car is close to the terminal landings. 

As a safety measure all magnetically operated brakes 
are so designed that the brake is released by the magnet 
and applied by springs or weights, so that a failure 
of power will always stop the elevator. 

SAFETY DEVICES 

These may be classified as electrical and mechanical. 

The mechanical are so closely allied to the electrical 
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that they will be briefly described. The principal 
safety devices are, guide"grips and overspeed governor 
with governor switch, car-operating switch, car safety 
switch, terminal-limit switches, overtravel-limit switches 
slack-cable switch, door switches, compensating-cable- 
sheave switch, buffers and air cushions. 


Fig. 16—Car Sarety SwitcH 


Guide Grips and Overspeed Governor. Guide grips 
have been made in a number of different types such as 
eccentric, dog, roller, and wedge, the wedge type now 
being almost universally adopted. See Fig. 14. The 
mechanism, is mounted below the car with a small 
winding drum which is connected to the overspeed 
governor by a steel cable. The holding of this cable 
at excessive car speeds rotates the drum so that the 
wedges force the grips against the guide rails and stop 
the car. 

Usually a fly-ball type of governor is used in connec- 
tion with the guide grips so arranged that the cable 
referred to rotates the governor shaft. The governor 
is arranged with a grip so that if the normal speed of 
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the elevator is exceeded by a fixed amount it holds 
the governor cable and effects the setting of the guide 
grips. 

It is accepted practise to install a control switch 
on the governor, so adjusted that the switch will trip 
to open the control circuit and disconnect power from 
the motor at a speed lower than the speed at which 
the guide grips act. This switch prevents the guide 
erips from setting in case of a slight overspeeding. 
The switch is arranged so that it cannot be reset 
unless the guide grips are in the running position. 
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Car-Operating Switch. The car-operating switch 
usually has the automatic return or self centering 
feature so that if the operator’s hand is removed from 
the lever it will return to the off position. See Fig. 15. 
It also is ordinarily provided with a center latch so 
arranged that any accidental leaning against the 
switch will not move the lever to the running position. 

Car Safety Switch. The car safety switch is for 
the purpose of stopping the car in emergency in case 
of the failure of the car operating switch. Fig. 16. 
It is wired in a separate cable of opposite polarity to the 
ear-switch cable, so that in case of grounds, etc., in 
the car-switch cable, the car safety switch will not be 
thrown out of commission. 


Fig. 18—INsTALLATION oF Hurvator Horstway Limit SwitcH 


Terminal Limit Switches. These act each time the 
car approaches the terminal landings, and function 
to bring the car to rest at these landings in case the 
operator is careless. See Figs. 17 and 18. They may 
be mounted on the car and operated by cams in the 
hoistway or vice versa for a traction-type elevator. 
These may also be used on a drum-type elevator al- 
though frequently limit switches geared to the ele- 
vator machine are used instead. 

Overtravel-Linut Switches. Overtravel hoistway limit 
switches, Fig. 18, are always mounted in the hoistway 
and are operated by cams on the elevator car. They 
are placed beyond the normal range of car travel, and 
function to stop the car in case of the failure of the 
regular terminal stop limits. It is very desirable and 
the usual practise to arrange the connections to these 


limits so that the car cannot be backed out of them by 
e 
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manipulating the car switch. This gives an added 
safety feature as it requires the operator to call the 
attention of an electrician or someone connected with 
the maintenance department to the fact that the car 
ran into the overtravel limits, and have the cause of 
this overrunning corrected. 


Fie. 19—Siack-CaBie SwircH 


Slack-Cable Switch. Ordinarily this is used on a 
drum-type elevator to open the control circuit in case 
of slack cable caused by the car or counter-weight being 
caught in the guides. It is operated automatically 


Fie. 20—Exevatror Door Sarery SwitcH 


when the cables slacken. See Fig. 19. It is sometimes 
mounted on top of an elevator car of high travel trac- 
tion elevators where the cable weight is so great that 
the machine may not entirely lose traction in case *of 
the bottoming of the car. : 

_ Door Safety Switches. These, Fig. 20, in combina- 
tion with door locks, prevent the car from operating 
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unless all doors are closed and locked. The design 


ert +. 18. 2 y . . 
requirements of these devices are in many cases regu- 


lated by safety codes. There are numerous types 
manufactured and many have little value, so that door 
locks and switches should. be. investigated before 
installing. Some combinations lock the car-operating 
switch in neutral while the door is open. Others inter- 
rupt the car-control circuit when the door is open. 
Because the large majority of elevator accidents are 


Fig. 21—ELevator CoMPENSATING CABLE SHEAVES 
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due to not using suitable door interlocks, it is advisable 
to use them even though it decreases the service of 
the elevator to some extent. (See Part I.) 

Compensating Cable Switch. This is connected so 
that it is opened by the lowering or raising of the com- 
pensating cable sheaves in the pit. See Fig. 21. The 
switch interrupts the control circuit and stops the car 
should the sheaves lower to any appreciable extent due 
to cable stretch. Also, in case of the car or its counter- 
weight being caught in the guides, the compensating 
cable sheave will raise and operate the switch to cut 
off power. 

Buffersand Air Cushions. A buffer is always required 
under the car. For lower speeds a spring alone is 
used, but for higher speeds a combination of oil dash- 
pot and spring is used, Fig. 22. These must provide 
a retarding effect so that maximum retardation will 
not exceed 64.4 feet per second per second. 

At one-time an air cushion was required for certain 
service in certain localities. This consists of a hoist- 
way practically air tight at the lower end for a certain 
percentage of the total height. This involved very 
expensive enclosure construction and while effective 
in retarding the motion of a falling car it is understood 
the air cushion has been practically abandoned as 
unnecessary to safety. Another disadvantage of this 
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scheme is the additional power required to move the 
car due to air friction. 


PROTECTIVE DEVICES 


Besides the various forms of brakes and safety devices 
above described most elevators are protected against 
abuse by the following apparatus: 

Main Line Service Switch and Fuses. These are 
mounted in an accessible location in the elevator 
machine room and are usually enclosed in a metal 
cabinet, preferably with an externally operated knife 
switch, and with a mechanical interlock making it 
necessary to open the knife switch before the cover 
can be opened to inspect or replace fuses. 

Circuit Breakers and Overload Relays. Circuit- 
breaker protection of individual elevator motors is 
not very often used inasmuch as the National Electrical 
Code requires fuse protection of elevator motors even 
when circuit breakers are used. : 

Frequently, however, in addition to the service 
fuses, overload relays are used in order to secure pro- 
tection against overloading of the elevator itself. 
The overload relays are set below the fuse rating so as 
to prevent the blowing of fuses. The overload relays 
are sometimes made to reset automatically with the 
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return of the operating switch handle to neutral, so 
that after an overload it is unnecessary to go to the 
elevator machine room to again place the elevator in 
operating condition. 

Overspeed Slow-down Relay. Some builders include 
in their electrical equipment a voltage relay so con- 
nected that an overspeeding of the elevator in either 
direction will cause the relay to act and thus auto- 
matically retard the speed. This relay is set to act 
at a speed below that at which the overspeed governor 
is set. 


Phase-Failure Relay. All 


Protective alternating- 
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current elevator installations on which the elevator 
motor may be continuously connected to the lines, 
such as hand-rope and push-button controlled elevators, 
include some form of phase-failure protection. Other- 
wise, upon the failure of a phase, the motor may be 
stalled on the single-phase condition, and burn out. 
The protective relay is usually a polyphase, shunt- 
wound relay with a control-circuit contact to maintain 
the control circuit of the elevator controller so long as 
the phases are all alive. The failure of any phase 
causes the relay to open the controller circuit and thus 
disconnect the motor from the supply lines. 

Phase-Reversal Protective Relay. Many State elec- 
trical codes now require a phase-reversal protective 
relay on all polyphase a-c. installations. Frequently 
the phase-failure and phase-reversal relays are com- 
bined in one device. The reversal of phases immedi- 
ately opens the controller circuit and prevents the 
elevator motor being connected to the lines until the 
relation of the phases is corrected. 


VI—POWER CONSUMPTION 


Anyone connected with building or industrial plant 
operation is interested in the power consumed by 
electric elevators. The architect and engineer are 
interested. The building owner is interested. From 
a conservation standpoint, everyone interested in the 
country’s welfare is anxious to see the most economical 
use of electric power for all purposes. 


DETERMINING FACTORS 


There are so many factors entering into this problem 
that it is impossible to give any accurate power con- 
sumption figures for any one type of elevator with a 
given capacity and running at a given speed, with a 
specified load on the car and with a specified number of 
stops per mile of car travel. 

The operator himself is one of the variables. Some 
elevator operators run their cars to good advantage from 
a power economy standpoint, but many others are 
most careless in the way they operate. 

Besides the operator’s effect on economy other vari- 
ables are inertia (including the weights of the ear, 
counterweights, lifting ropes, balancing ropes, or 
chains, all moving parts of the machine etc.), rate of 
acceleration, and design and construction of all parts 
entering into the complete elevator. To show the 
importance of these factors, one company may design 
an elevator for a capacity of five tons that will have in 
its make-up approximately one half the material that 
another company may deem advisable for the same 
capacity and speed. When it comes to power con- 
sumption the lighter weight apparatus will naturally 
win out, even though it may not last long, due to its 
light construction. Therefore tests showing power 
consumption are naturally subject to all the variations 
that are inherent in elevator manufacture which is 
still somewhat lacking in standardization. 
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Regardless of all these variables it is of course possible 
to quote actual test figures for various types of elevators 
so that a general idea of the power consumed may be 
obtained. 

The power consumption of electric elevators ranges 
from two to three kw-hr. per car-mile up to ten or more 
depending upon the variables mentioned above, but 
depending mostly upon loads, speeds, rate of accelera- 
tion, and number of stops per car-mile. Elevators 
make as many as 25 miles of travel per day so that even 
in a day’s time the total energy consumption in a large 
office building is considerable and should be kept down 
to a minimum. 


RESULTS OF TESTS 
Geared, Drum-Type Elevators. An average of several 
drum-type, geared elevators, with capacities between 
2000 and 2500 pounds, at 350 to 400 ft. per min. 
regular service indicates the following results: 


Total miles | Kw-hr. per 
Capacity Speed per day car-mile 
2000 350 11.25 3.98 
2500 400 10.90 4.35 
2000 400 15.20 3.58 
- Average 12.45 3.97 


Gearless Full Wrap Traction, 1 to 1 Roping. The 
following results were obtained from actual test of an 
elevator rated at 2500 lb., 500 ft. per min. with 800 lb. 
over-counterweight. Values are averaged for up and 


| Kw. hours per car-mile 


Stops per car-mile Balanced Full load 

0 1.20 1.82 
50 2222 3.39 
(As 2.90 4.07 
100 3.50 4.80 
125 4.10 5.46 
-150 4.28 5.93 
200 5.12 4220 
250 Seek 9.07 
300 6.50 9.20 
400 7.90 11.50 


ARLESS FuuL-WRAP TRACTION _1-| ROPING 
(AVERAGE UP AND DOWN REsuLTS) 


— 
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Fie. 23—Resvutts or Test or Guartess FuLL-WRapP TRACTION 
Evevator, 1-1 Ropine 


Values averaged for up and down operation. 
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down operation. The results are plotted in Fig. 23. 
The curves clearly show the variation in power con- 


Sumption with load changes and with variation in the 


number of stops per car mile. , 

Another set of tests on a gearless 1 to 1 machine rated 
at 2500 Ib., 500 ft. per min., in a ten-story office build- 
Ing gave the following results. These are up and down 


averages. The car weighed 3900 Ib. and there was 
1060 lb. over-counterweight. , 
52 Stops per car-mile 
Woadein ibe racec ae: Operator | 666 | 1060 | 1360 | 2010 2360 | 2660 
Kw-hr. per car-mile...... 2.35 2.08) 1.95] 1.87] 2.15] 2.50] 3.22 
104 Stops per car-mile 
Woadunlbulua dee ame J Operator | 666 | 1060 2010 2660 
Kw-hr. per car-mile...... 3.09 2.86] 2.52 2.92 3.86 
208 Stops per car-mile 
ora I bald Loe cee chee eee eee Operator | 666 | 1060 2010 
Kw-hr. per car-mile...... 4.91 4.19/ 3.98 4.25 
416 Stops per car-mile 
Moadinib eens. deme Welk e Operator | 666 | 1060 2010 
Kw-hr. per car-mile...... 7.29 6275) 6.07 7.43 


A test was made in a fifteen story building. The 
elevator was rated at 2750 Ib. at 500 ft. per min. The 
regular service test with approximately 100 stops per 
car mile gave an energy consumption of between 3.32 
and 4.73 kw-hr. per car-mile. 

The effect of increased number of stops is shown in 
the following results obtained from a test in a 22-story 
office building: 

6.4 kw-hr. per car-mile 
LOCA See eS are 


2.4 « “ “ “ “ 
SR: niet “ “ “ “ 


Empty —Stopping at every floor........... 
Full Load —Stopping at every floor........... 
2/3 Load —Stopping at top and bottom only.. 
2/3 oad —Stopping at every Scot. ....-....- 


A 22-floor 600 ft. per min. elevator with express 
service to the tenth floor and local service from the 
tenth to the twenty-second floor, traveling an average 
of 22 miles a day consumed 3.5 kw-hr. per car-mile. 
Local elevators in the same building operating at 
400 ft. per min. traveled nine miles per day and con- 
sumed an average of 4 kw-hr. per car-mile each. 

Gearless Full-Wrap Traction Elevator 2 to 1 Roping. 
The only tests available for publication are shown in 
the following table. The elevator was rated at 3000 
Ib., 500 ft. per min., 1175 lb. over-counter-weight was 
used. Average up and down results are given: 


Kw-hr. per car-mile 
Stops per car-mile Balanced Full Load 

0 2.00 3.80 
50 2.90 4.60 
75 3.40 5.40 
100 3.90 6.00 
125 4.33 6.95 
150 4.81 7.80 
200 5.80 8.71 
250 6.78 10.40 
300 7.68 11.10 
400 9.06 15.20 
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Geared Half-Wrap Traction Elevator. A test was 
made on several elevators rated at 2500 Ib., 600 ft. 


per min., with the following average up and down. 
results: 


Stops per car-mile Load in Ib. Kw-hr. per car-mile 
16 : 1100 2.06 
80 “ 4,20 
96 if 4.70 
16 2500 2.40 
80 " 4.80 
96 5.20 


An elevator running 400 ft. per min. serving an 
18-story building and traveling an average of 21.8 
miles per day showed a regular service consumption 
of 3.28 kw-hr. per car-mile. 

Another at the same speed in a 13-story building and 
traveling 19 miles a day consumed 3.88 kw-hr. per 
car-mile. 

The average of a lot of 400 ft. per min. elevators was 
3.8 kw-hr. per car-mile. 

The following test results were obtained with an 
elevator having a capacity of 2250 lb. at 500 ft. per 
min. The over-counterweight was 580 Ib. In this 
case the motor had a 3 to 1 speed variation by shunt 
field control. Had there been less or no control by 
shunt field variation the power consumption values 
would have been considerably higher. (See Part III.) 


Kw-hr. per car-mile 
Stops per car-mile Balanced Full Load 
0 1.50 2.05 
50 PANO) 3.00 
75 2.50 3.43 
100 2.92 3.90 
125 3.30 4.46 
150 3.57 4.90 
200 4.23 5.91 
250 5.30 6.70 
300 5.90 7.55 
400 6.95 8.50 


Lack of proper maintenance will also increase the 
power consumed. It is evident that all moving parts 
such as the machine itself, sheaves, guides, etc. must 
be properly lubricated at regular intervals in order to 
insure the most economical results. Also if the brakes 
are not properly adjusted the operators will find 
difficulty in making accurate stops without inching and 
the resultant loss in power. 


CONCLUSION 


While the above test figures are of interest they 
actually are of little comparative value on account, of 
the many variables indicated under ‘Determining 
Factors.” Some years ago the Cincinnati Gas & 
Electric Company made some operating cost tests on a 
great many elevators in its district. The averages of 
all these tests are given as follows: 
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Hreight ...... Cost per elevator. ...r.....-.....5.505: $8.00 per month 
moa GP 1S Tey oak, Mk eeaineanna Lnan ten, AMIE) was. 1.09 per month 
Passenger.... “ BClOVATOLN cee hae aia ae OF DEL MONG. 
f e Lt ON ole Oe cia eat Te Cini aeuric cece eerie 1.26 per month 


These are, of course, costs for power only, and would 
not apply with present-day power costs. 

Attention is called to the fact that the big determin- 
ing factor in the cost of elevator operation lies in the 
number of starts and stops and not in the load carried 
by the car. 


WAYS IN WHICH OPERATION AND MAINTENANCE 
AFFECT POWER CONSUMPTION 

It has already been mentioned that the operator 
himself is one of the important factors determining 
the power consumption of electric elevators. It is 
interesting to note how this factor affects the results. 

If an operator is so expert that he slows down the 
car as nearly as possible to the landing at which he is 
to stop and if he stops the car accurately with the 
landing without “‘inching”’ he reduces the current used 
in slowing down or running at low speed and reduces the 
number of starts and stops by eliminating the inching 
operation so frequently used by unskilled operators. 
Besides this he improves the service of the elevator 
which point is of vital consideration. 

Evidently from the manner in which many elevators 
are run little attention is paid to this important factor 
in elevator economy. If building owners would realize 
the importance of this point it would be possible by 
careful instruction and competition between operators 
to materially cut down the power consumption on 
many installations. 

Towaris this end a watt-hour meter might be in- 
stalled on each elevator. Also car-mile recorders and 
counters for registering the number of stops could be 
added. In this way accurate data on the performance 
of each elevator could be obtained. If an operator is 
assigned to a particular machine a bonus might be 
paid to the operator who showed unusual saving in 
power. consumption due to skilful operation. In a 
large building this would set up a rivalry between 
operators and might be very beneficial from the stand- 
point of the power consumed. 
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CAPACITY EFFECTS IN INDUCTANCE 
COILS 


A coil of wire wound in any of the familiar forms 
called “inductance coils’? behaves in an electric circuit 
primarily as an inductance. The potentials of the 
different parts of the coil are, however, different from 
each other and from the potential of the ground. For 
this reason, the coil also behaves to a certain extent 
as an electric condenser, or rather a system of con- 
densers. 

On account of the importance in radio communica- 
tion of capacity effects in inductance coils, careful 
studies of these effects, both theoretical and experi- 
mental, have been made at the Bureau of Standards, 
Washington, D. C. An interesting result which has 
been found is that one effect seems to depend prim- 
arily on the capacity of the coil to ground. This 
effect is observed when two condensers in series are 
connected across the terminals of the inductance 
coil, and the common terminal of the two condensers 
is grounded. If the inductance coil possesses capacity 
to ground, the familiar criterion for resonance in the 
system, computed from the known value of the ca- 
pacities of the two condensers, will not apply. 

If both condensers are variable, and the system is 
adjusted for resonance by successively assigning 
arbitrary values for the setting of one condenser, 
and then tuning with the other condenser, it would 
be expected from elementary considerations; neglecting 
the effects of distributed capacity, that the successive 
resonance values of the capacity of the two condensers 
in series, determined as the product of their capacities 
divided by their sum would be constant. On account 
of the distributed capacities, this simple relation 
does not hold. It is found, however, that under 
the conditions above mentioned, with the common 
terminal grounded, the capacity of the two condensers 
in series determined as the product of their capacities 
divided by their sum, is linearly related to the re- 
ciprocal of the sum of their capacities. This relation 
has been verified both mathematically and experi- 
mentally. 

The results of both the mathematical and experi- 
mental investigation of this particular phase of the 
problem of capacity effects in inductance coils are given 
in a publication of the Bureau of Standards, Scientific 
paper No. 427,“Some Effects of the Distributed Capac- 
ity Between Inductance Coils and the Ground.” 
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A. I. E. E. Midwinter Convention 
FEBRUARY 15-17, 1922 


The tenth annual Midwinter Convention of the American 
Institute of Electrical Engineers will be held February 15-17, 
1922, in the Engineering Societies Building, 33 West 39th Street, 
New York, N. Y. This will be the first convention to be held 
under the new ruling of the Board of Directors which prescribes 
but, four general technical meetings of the Institute to be held 
each year. Owing to this reduced number of general meetings 
an unusually large attendance is anticipated and every effort is 
being made to make this meeting of particular interest. 

The registration bureau will be in the main entrance hall of 
the Engineering Societies Building and will open at 11:00 o’clock 
Wednesday morning, February 15th. Members and guests are 
requested to register promptly on their arrival at the building, as 
such action greatly facilitates the work of the various committees. 

Beginning with Wednesday afternoon, five technical sessions 
will be held for the presentation of papers. The Thursday 
evening session will be devoted to the presentation of the Edison 
Medal to Cummings C. Chesney, followed by a lecture by 
Dr. W. D. Bancroft. Friday afternoon has been left open for 
members to make inspection trips to places of engineering inter- 
est, and on Friday evening the annual dinner-dance will be 


held. 
PROGRAM 


Wednesday Morning, February 15—11:00 A. M. 


Registration of members and guests. 
M. 


TECHNICAL SESSION 
1. The Key West-Havana Submarine Telephone Cable System, 
by W. A. Martin, G. A. Anderegg and B. W. Kendall. 
2. Submarine Cable Telegraphy, by J. W. Milnor. 


‘individually or in groups, at the times indicated. 
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3. Printing Telegraph Systems Applied to Message Traffic 
Handling, by A. H. Reiber. 


Wednesday Evening—8:30 P. M. 
TECHNICAL SHSSION 


4. Questionnaire on Lightning Arrester Practise, by F.L. Hunt. 
(From the 1921 Annual Report of the Protective Devices 
Committee) 

5. On Deviations from Standard Practise in Lightning Arresters, 
by E. E. F. Creighton. 

6. Condenser Discharge Through General Gas Circuits, by 
Charles P. Steinmetz. 


Thursday Morning, February 16—10:30 A. M 
TECHNICAL SESSION 


7. The Petersen Earth Coil, by R. N. Conwell and R. D. Evans. 

8. The Effects of Moisture on the Thermal Conductivity of 
Soils, by G. B. Shanklin. 

9. Five Hundred Tests on the Dielectric Strength of Oil, by 
J. L. R. Hayden and W. N. Eddy. 

10. An Analytical Investigation of the Causes of Flashing of 
Synchronous Converters, by BE. B. Shand. 


:30 P. M. 
TECHNICAL SESSION 


ll. The Use of Superimposed Imaginary E. M. Fs., Currents 
and Fluxes in the Solution of Alternating-Current Prob- 
lems, by V. Karapetoff. 

12. Questions on the Economic Value of the Overhead Grounded 
Wire, by E. HE. F. Creighton. 

13. Wave Form and Amplification of Corona Discharge, by J. B. 
Whitehead and N. Inouye. 

14. Prevention of Transient Voltage in Windings, by J. Murray 
Weed. 

Thursday Evening 


Presentation of the Edison Medal to Cummings C. Chesney. 
Lecture on Colloids, by W. D. Bancroft. 


Friday Morning, February 17—10:30 A. M. 
TECHNICAL SESSION 

15. Heating of Railway Motors in Service and on Test Floor 
Runs, by G. E. Luke. 

16. The “Indumor,”’ by V. Karapetoff. 

The following papers are to be presented by title only: 

17. Skin Effect and Proximity Effect in Tubular Conductors, 
by Herbert B. Dwight. 

18. Heat Losses in Stranded Armature Conductors, by “Waldo 
V. Lyon. 

19. Current Locus of Single-Phase Induction Motors, by J. K. 
Kostko. 

20. Polyphase Commutator Machines, by A. B. Field. 


Friday Afternoon 


Inspection Trips to Points of Engineering Interest (See 
announcement below.) 


7:00 P. M. 


Dinner-Dance (See announcement below.) 


INSPECTION TRIPS 

The following companies have courteously offered to open 
their plants for inspection by members and guests, either 
The A.1. H.-H. 
convention badge will be accepted as sufficient identification for 
direct admission to plants or for the issuance of passes where 
such are required. Complete information including directions 
for reaching plants can be obtained at registration booth. 


Friday, February 17—2:00 P. M. 
Fox Firm Corporation—Studios and laboratory, 55th Street 
and 10th Avenue. 
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Tue New York TELEPHONE Company—Walker-Lispenard 
Building, including ‘‘Canal’’ exchange, 
Machine Switching Toll Board, Operating and Test Rooms 
of Long Lines Department, 24 Walker Street. 

Unrrep Execrric Licut & Power Co.—New Hell Gate Station. 

Brut System Resparcu LABoRATORIES—463 West Street. 

Rap1o Corroration or Amurica—Port Jefferson, Long Island. 


Wednesday, Thursday and Friday, February 15, 16, 17. 
10:00 A. M. to 4:00 P. M. 


InTERBOROUGH Rapip Transit Co.—59th Street and 74th 
Street Stations and Substation No. 42. 

Pus.iic Servicr Enecrric Co. or N. J.—Essex Power Station, 
Newark. 

Unirep Exscrric Ligut & Power Co.—Sherman Creek Power 
Station, 201st Street and Harlem River. 

Brooktyn Epison Co.—Gold Street Station, Brooklyn. 


DINNER-DANCE 


A dinner-dance will be held at the Hotel Astor, Broadway 
and 44th Street, New York, Friday evening, February 17, 1922, 
at 7:00 o’clock. The purpose of the dinner-dance is to provide 
a social function for the entertainment of the members and their 
guests in attendance at the convention. 

An informal reception will precede the dinner and prompt 
attendance is desired in order that the Entertainment Com- 
mittee’s arrangements may be carried out as planned. 

The subscription price is $5.00 per person. 

The tables will accommodate eight or ten persons each. Mem- 
bers are requested to make up parties of eight or ten or to state 
their seating preference to the committee. Communications 
should be addressed to the Committee on Entertainment, 
A. I. E. E., 33 West 39th Street, New York, N. Y. 


A. I. E. E. Meeting in Chicago 
APRIL 19-21, 1922 

The second general meeting of the Institute for 1922 will be 
held in Chicago, April 19-21. The Meetings and Papers Com- 
mittee and the officers of the Chicago Section have cooperated 
in the preparation of a program of technical papers and other 
items of interest which will assure a pleasant and profitable 
occasion to all who are able to attend this meeting. The 
papers to be presented are under the auspices of several of the 
technical committees, insuring a wide range in the variety 
of subjects. The program will be printed in full in the March 
JOURNAL. 


Future Section Meetings 


Atlanta.—February 23, 1922. Subject: ‘Bloom Mill Elec- 
trification.”’ Speaker: Mr. S. N. Roberts, of the Atlantic 
Steel Company. 

Baltimore.—February 17, 1922, Engineers Club, 8.15 p. m. 
Subject: “The Design and Construction of the Hell Gate 
Station of the United Electric Light and Power Company.” 
Speaker: Mr. H. W. Leitch, of the United Electric Light and 
Power Company, New York City. 

Cleveland.—February 21, 1922, Club Rooms of the Elec- 
trical League, Hotel Statler, 8:15 p. m. Subject: ‘‘The Super- 
power System.’ Speaker: Mr. W. S. Murray, of New York. 

Erie.—February 21, 1922. Subject: ‘Safety Engineering.” 
Speaker: Mr. M. C. Goodspeed. 

Fort Wayne.—February 16, 1922. Subject: ‘“The History 
and Future of Niagara.’’ Speaker: Mr. Frank B. Taylor. Mr. 
Taylor is a geologist of national reputation and has a very 
interesting paper which will be illustrated by lantern slides. 

New York.—A joint meeting of the New York Section of the 
Institute and the Metropolitan Section of the A. S. M. E. will 
be held on the evening of Friday, February 24, 1922 at the en- 


Metropolitan - 
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gineering Societies Building, 33 West 39th Street, New York on 
the subject of ‘‘Central Power Station Operation.” Complete 
details will be furnished the Section membership in a notice 
to be issued later. 

Providence.—February 3, 1922, Providence Engineering 
Society’s Rooms, 8.00 p. m. Subject: ‘‘Radio Telephony.” 
Speaker: Mr. W. R. G. Baker, of the Radio Engineering De- 
partment of the General Electric Company. 

Schenectady.—February 3, 1922. Subject: ‘““An Evening 
With the Stars, Or, The Frontiers of the Universe.”” Speaker: 
Mr. B. R. Baumgardt, Lecturer, Scientist and Explorer. 

February 17, 1922. Subject: ‘“Magnetism.’”” Speaker: Mr. 
L. T. Robingon, General Standardizing Laboratory, General 
Electric Company, Schenectady, N. Y. 

March 3, 1922. Joint meeting with the American Society 
of Mechanical Engineers, American Chemical Society and 
Society of Engineers of Eastern New York. Speakers: Thornton 
Lewis, Vice-President and General Manager of York Heating & 
Ventilating Corporation, Philadelphia; and F. Paul Anderson, 
Director of Experiment Station of the American Society of 
Heating and Ventilating Engineers, Pittsburgh. The speakers 
will talk on general subjects of heating and ventilation. 

March 17, 1922. Subject: ““Recent Developments in High- 
Tension Practise and High-Voltage Phenomena.’ Speaker: 
Mr. F. W. Peek, of the General Electrie Company, Pittsfield. 

Toronto.—February 10, 1922. Electrical Building, Toronto 
University. Subject: ‘Construction Work.’ Speaker: Mr. F. 
M. Farmer. 

Utah.—February 24, 1922. Subject: “Wireless on Wire 
Lines.”’ Speaker: Mr. C. C. Pratt, Utah Plant Supt., Mountain 
States Telephone and Telegraph Company. In addition to the 
paper, Messrs. Pratt and Jeanne will conduct a tour of inspection 
through the telephone company’s plant and illustrate the sub- 
ject of Mr. Pratt’s paper. 

Vancouver.—March 3, 1922, Auditorium Board of Trade 
Building, Pender and Homer Streets, Vancouver. Subject: 
“Storage Battery Locomotives for Mine and Industrial Haulage.” 
Speaker: Mr. T. H. Crosby. 


Power Conference to be Held 
NEW YORK, N. Y., FEBRUARY 7-8, 1922 
The Water Power League of America will hold a power con--. 
ference at the Engineering Societies Building, 29 West 39th Street, 
New York City, February 7th and 8th. The subject of amend- 
ments to the Federal Power Act, the canalization and power 
development of the St. Lawrence and the general subject of 
the power resources of the U. S. will be discussed at the conference. 
All members of the A. I. E. E. are cordially invited to attend 
the conference and take part in the discussion. Admission will 
be by card which will be furnished upon application to the office 
of the Water Power League of America, 116 Nassau Street, 
New York City. 


Polytechnic Institute, Brooklyn, N. Y. 
LECTURES ON BUSINESS AND INDUSTRIAL PROBLEMS 
The Polytechnic Institute of Brooklyn is conducting a course. 
of lectures on local and national problems in their relation to the 
industries of the Greater New York District. The next meeting 
will be held on February 6th, 8:30 p.m., in the Polytechnic 
Institute Auditorium, Brooklyn, and the subject will be the 
transit situation in New York City. Mr. George W. McAneny, 
chairman of the Transit Commission, will be the principal 
speaker. Other meetings will be held from time to time, admis- 
sion to which is by ticket. Tickets may be secured from the 
Office of the Registrar of the Polytechnic Institute, 99 Livingston 
Street, Brooklyn, N. Y. 
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ANNUAL MEETING, WASHINGTON, JANUARY 5-6, 1922 


The first Annual Meeting of the Federated American Engi- 
neering Societies was held at the Cosmos Club, Washington, Jan- 
uary 5th and 6th. 

President Mortimer E. Cooley, in opening the first session 
declared his confidence in the future of the Federation, and out: 
lined plans for more effective organization. He also announced 
that he would soon start on a tour of the South and Southwest, 
during which he would address many meetings of engineers for 
the purpose of informing them regarding the functions and scope 
of the Federation in utilizing the services of the engineering 
profession in the advancement of public welfare. 

Officers were chosen; the work of the past year reviewed and 
discussed; action taken on important matters of public and 
technical service; new financial arrangements put into effect; 
committees named; new policies sanctioned and old ones re- 
shaped; and a broad program outlined for the next twelve months. 


Election of Officers 


The balloting for officers resulted in the reelection as Vice- 
Presidents of Dexter S. Kimball, Dean, College of Engineering, 
Cornell University; and J. Parke Channing, of New York; W. W. 
Varney of Balt:more was again chosen Treasurer. 

Mortimer E. Cooley had previously been elected President, and 
Messrs. Calvert Townley, of New York, and W. E. Rolfe, of 
St. Louis, are hold-over Vice-Presidents. 

The above named six officers together with the following 
constitute the Executive Board of the American Engineering 
Council which is the governing body of the Federation, for the 
year 1922: H. E. Howe, Washington, American Institute 
of Chemical Engineers; Prof. C. F. Scott of Yale, L. B. Stillwell 
of New York, J. H. Finney of Washington, William McClellan 
of Philadelphia, and L. F. Morehouse, of New York, representing 
the American Institute of Electrical Engineers; A. S. Dwight 
of New York, Charles H. MacDowell of Chicago and Philip N. 
Moore of St. Louis, the American Institute of Mining and Metal- 
lurgical Engineers; L. P. Alford of New York, E. S. Carman of 
Cleveland, Prof. A. M. Greene of Troy, Dean Perley F. Walker 
of Kansas, W. S. Lee of New York, American Society of Mechan- 
ical Engineers; Prof. Joseph W. Roe of New York, Society of 
Industrial Engineers; Morris L. Cooke, Philadelphia, Taylor 
Society. 

Regional directors chosen for 1922 are: District 1, W. B- 
Powell, Buffalo; District 2, Gardner S. Williams, Ann Arbor, 
Mich.; District 4, W. J. Fisher, York, Pa.; District 5, Paul 
Wright, Birmingham, Ala.; District 6, Lloyd B. Smith, Topeka, 
Kansas; District 7, O. H. Koch, Dallas, Texas. 


Membership 

The Secretary’s report showed that on January 1, 1921, 
the membership of the society was composed of six national and 
fourteen state and local societies—a total of 20; whereas, on 
December 31, 1921, there were eight national and twenty state 
and local societies—a gain of eight member societies during the 
year, with an aggregate membership of 1414 individuals. 

The Engineers Club of Columbus, Ohio, was admitted to 
membership at the meeting, and there are now more than 
twenty active prospective member societies. 


Regular Meetings 
The Council adopted an amendment to the by-laws providing 
that the Executive Board shall hold a meeting at the close of 
the Annual Meeting of the Council, at which time it shall organize 
and fix and announce a schedule of regular meetings for the en- 


suing year. The Executive Board under this authority voted 
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to hold five meetings—two in connection with the meetings of 
the Council. 


Patent Office Legislation 


The Council voted to continue support of the proposed legis- 
lation for the relief of the United States Patent Office, as em- 
bodied in the Lampert Bill. The report of the Counceil’s Patent 
Committee, headed by Edwin J. Prindle of New York, described 
conditions in the Patent Office as alarming. (Since the meeting 
of the Council the Lampert Bill has passed the House of Repre- 
sentatives.) 

Resolution Adopted 


The following resolution expressing the appreciation of the 
services of Herbert Hoover, first President of the Council, was 
unanimously adopted: 


WHEREAS our first President, Herbert Hoover, has been appointed 


Secretary of Commerce in the Cabinet of the President of the United States 
and 


WHEREAS, in consequence of his acceptance of this high public office, 
he deemed it necessary to tender his resignation as President of the Feder- 
ated American Engineering Societies, 

BE IT THEREFORE RESOLVED by American Engineering Council, 
that we hereby record our appreciation of the rare judgment and vision 
with which Mr. Hoover has directed the initial policies of The Federated 
American Engineering Societies, and the ability and uniform courtesy 
with which he has presided over the deliberation of the Council and of the 
Executive Board 

BE IT FURTHER RESOLVED that American Engineering Council 
acting through its Executive Board express to him the sincere regret 
with whicb his resignation has been accepted and its sincere good wishes 
for a continuation of that distinguished success which has followed him 
in his past services to his profession, his country and mankind. 


Licensing of Engineers 


There was a long discussion upon the question: “Does the 
American Engineering Council approve or disapprove of the prin- 
ciple of licensing or registering of engineers?’ Laws are already 
in force providing for licensing or registering In many of the 
states, and similar legislation is being advocated in many other 
states. At the close of the discussion the President was author- 
ized to refer the whole subject to a committee for the purpose 
of making a thorough study of the question, including the ad- 
vantages and disadvantages as found in the states in which legis- 
lation upon the subject is already in effect. 


New Publication Proposed 
There was considerable discussion on a suggestion to establish 
some form of periodical for the purpose of keeping members of 
the various societies represented in the Federation informed 
regarding matters of interest to the profession. During the 
discussion it was pointed out that the larger societies had their 
own publications and were always glad to give publicity to the 
work and activities of the Federation. The demand for a sepa- 
rate publication was principally voiced by representatives of 
local organizations which have no publications of their own. 
It was suggested that probably the continuation or slight modi- 
fication of the present small mimeographed bulletin would meet 
the needs of these members. The Publicity Committee made 
no recommendation and the Council referred the matter to the 

Executive Committee for further consideration. 


Government Economy Endorsed 

The Council passed a resolution prepared by J. Parke Channing 
of New York, chairman of the Council’s Committee on Public 
Affairs, commending Gov. Miller for urging the elimination of 
unnecessary duplication of effort between the New York State 
Department of Public Works, the State Engineers’ office 
the Department of Highways, the State Architect and the 
Department of Public Buildings. 
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The Council expressed sympathy with Gov. Miller’s proposal, 
that the activities of these agencies should be coordinated, and 
offered to the Governor the services of its Committee on New 
York State Government Reorganization in the carrying out 
of an effective coordination plan. The Council’s action was 
unanimous. ; 

Dinner at University Club 


On Thursday evening, January 5th, the members present 
attended a dinner at the University Club. President Cooley 
acted as Toastmaster and addresses were made by Honorable 
Herbert Hoover, Dr. B. Stepanek, Minister from Czecho- 
Slovakia to the United States, and Mr. John Temple Graves. 

Dr. Stepanek expressed during his address appreciation of 
the fact that the American Engineering Council had granted his 
government copyright privileges on the Report of the Committee 
on Elimination of Waste in Industry, and stated that the report 
had already been translated and published in his country. 

Herbert Hoover’s address is given in part below. 


Address by Herbert Hoover 


Fellow engineers: I did not come prepared with any large and 
efficient words of wisdom and have been rather fearful that I 
did not sit down in Council with your directors and develop some- 
thing. 

I am interested in this association not only because I partic- 
ipated, I do not put it higher, in the organization of the Council, 
but because this body has entered upon a path of public service 
that is unique in the whole United States. 

I have perhaps said before in urging some of our brother so- 
cieties to join with the Council, that the engineer has devoted 
himself all these years to the upbuilding of the material values of 
the United States. He has done that effectively—more effec- 
tively than has been accomplished in any other of the great 
countries of the world. 

The birth of this society marks the evolution of the engineer 
into an interest in publie affairs. With his intelligence, his 
experience and training and the unique knowledge that he 
possesses not only of the material but the intangible values 
amongst our people, he is now organized so that his united voice 
may become heard outside of his profession. 

We have probably 175,000 engineers in our country, repre- 
senting an intellectual possibility for service possessed by no 
other group. It is therefore an augury of real social develop- 
ment when the engineers of the United States join together for 
purposes of public service. 

This association has the unique value among the associations 
that it can not have any material interest for its purpose. No 
engineer can receive any material benefit from it. It can ad- 
vance no economic interest. It can not therefore be charged 
with any ulterior motive. It is accepted by the whole American 
people who have become acquainted with its objectives as being 
clearly single-minded. 

During the last year we considered a number of the problems 
that confront the American people in the light of what services 
‘the engineers could perform in their solution. We resolved 
early in the progress of the Council to undertake an investigation 
into the elimination of waste— a problem with which the engi- 
neer alone was fitted to deal, a problem that had not come in 
for solution outside of engineering circles. 

As a result of the investigation carried on during the past year 
and of the report made there has been an enormous ex- 
pansion of the consideration of these fundamental questions— 
questions that enter into the whole problem of the standard 
of living of our people. .At the time we undertook that in- 
vestigation we were still at the height of a boom. The country 
was going on recklessly spending, with extravagance and over- 
expansion. Almost every engineer in consideration of the eco- 
nomic situation of the time and the early meetings of the Council 
wondered when it would all come to an end and appreciated the 
waste that came from the operation of the business cycle, 
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which reaches its peak in booms like that then affecting 


the country. That investigation resulted in a final report in 


the midst of the depression that was inevitable. It came just 
at a time when the country was receptive for ideas that in the 
long run must mean the correction of these tremendous losses 
from over-expansion and from depression. 

On taking this position that I now hold I had felt that it was 
the duty of the Government, if it was possible, to carry into effect 
some of the purposes outlined by the Council. We have in 
the Department of Commerce, accordingly, established a number 
of agencies intended to effect the results outlined as possible. 
And in getting further knowledge and experience with this 
problem I am indeed impressed with the fact that it is the most 
fundamental ‘of all of the economic problems with which the 
American people must deal. It becomes doubly important 
now because we are faced with certain primary conditions that 
can not, in my view, receive any solution except along the lines 
laid down in that report on the elimination of waste. 

If we take the year 1913 as a base year for economic calculation 
and assume that the price of goods to the producer was 100 and 
likewise the cost to the consumer was 100, and if we then examine 
the situation today we will find that in many, in fact the majority 
of eases, the value of commodities is not far from 100 in their 
return to the producer and, more particularly, we will find the 
agricultural products often far below that level. But, on the 
other hand, to the consumer, the price level is, in the majority 
of cases, from 150 to 170. ; 

We have therefore, a tremendous distortion. That distor- 
tion bears heavily on the producer and the consumer. One 
or the other of the two must carry the brunt of that load. And 
if we are to decrease that margin, it ean only be through the elimi- 
nation of waste. 

We have to bear in mind that during these last seven years 
we have probably added eight billions per annum to National, 
State, and municipal taxation. 

If, on the basis of the present value of the dollar, we estimate 
that the National productivity of the country is somewhere 
near fifty billions, it is possible to calculate at once that taxation 
alone accounts for at least twenty units out of the sixty or 
seventy with which we have to deal. 

There are other elements that have entered into the problem— 
increased cost of transportation and a thousand direct or indirect 


. increases in the cost of manufacture or distribution. 


And, clearly, unless we ean bring the cost of commodities 
to the consumer more nearly into line with the return to the 
producer, we shall indeed to go no further, reduce our agricul- 
tural population to the status of the European peasant. 

That is a problem of manufacture, transportation, and dis- 
tribution. The distortion is not due to undue profits at the 
present time. It is distortion that ean be corrected only through 
the elimination of wastes in our processes of distribution and other 
phases—transportation, business methods, manufacture, and 
so on. Indeed the question of the elimination of waste entered 
into two years ago because of those glaring outstanding instances 
that challenged every engineer now looms in the mind of every 
economist as the real hope of reestablishing economic balance 
in the United States. 

We have enlarged our vision as to what constitutes waste. 
We are suffering today from one of the most fearful wastes that 
can come to us in that we have from two to three millions of 
idle men. 

Lost labor once over the dam is lost for all time. 

Any inquiry into the causes of our vast unemployment brings 
us at once to consideration not alone of the world as a whole 
and of our own economic eycle in relation to it but also to the 
problem of how to avoid such periods of waste. 

Now, the engineers have rightly pointed out that there are 
times when we make large increases both in the direction of plant 
and equipment and in production of consumable commodities; 
that if we are to correct and alleviate the intensity of our business 
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_ eycles, we must find some method by which we can expand our 
plants and equipment at periods when the demand for con- 
ee ees ae relaxed. Nor is that a misconception. For 
=n ol Sept of our seasonal operations on great 
— pubhe works through periods of from seven 
en years, a reserve of probably no more than ten per cent 
stored up for periods of depression in the production of consumable 
goods would enable us to maintain an even tenor and to secure 
even production of all commodities. 

There lies one of the greatest wastes and itis in the anticipation 
of that waste where lies one of the great economic problems of 
the country. 

There are many ramifications of the waste problem which 
you are familiar with—many, more familiar than I am. But 
there is one factor in the saving of waste to which I believe the 
engineers might give further consideration and perhaps more 
investigation. And that is the problem of a larger view in elec- 
trification. 

We are all aware of the results obtained in the investigation 
of the superpower development of the Atlantic seaboard. Super- 
power is not impossible in many other sections of the country. 
We are indeed on the threshold of enlarging the distances of trans- 
mission. We have the possibility of reducing waste through a 
large phase of electrical development made during the past thirty 
years. The American people have no appreciation of the pos- 
sible results and the added efficiency, productivity, safety and 
advance that could be obtained in the enlargement of our entire 
electrical equipment. And there is no body that could give 
this problem such consideration and so illuminate it in the Na- 
tional sense as this Council could do. It indeed requires the 
services of every branch of engineers that compose the Council. 
With the possibility ahead of us of the development of some 
twelve to fifteen millions of horse power, the consolidation of 
hundreds, even thousands of minor plants, the enormous savings 
to be made through the substitution of electrical power for 
steam—in that there is a probablity of the greatest material 
saving of waste possible in any country, in front of the American 
people. 

Now, it is one thing to suggest a problem and another thing 
to suggest its solution. It is a far more difficult thing to state a 
problem in a fashion that people will understand and state its 
solution in a fashion that will.carry conviction. But an asso- 
ciation of this kind, ramifying as it does into the best intelligence 
of every single community of the United States, has the oppor- 
tunity to develop popular conception of its ideas more effectively 
than any other group in the country. 

Still, I am not attempting to outline to you the services that 
you can undertake for you have on your docket a long list of mat- 
ters which must be given study and advancement. We recognize 
the necessity of cohesion among the engineers. The objectives 
of the Council can be phrased in the common language of the 
great visions of engineers in the direction of the services they 
ean perform for their communities. And in the contact of 
engineers with the public life of the Nation there is no possi- 
bility of overlapping in the technical services of our member 
societies. 

It is not alone a problem for your directors that the engineers 
should be reported in the public councils of the Nation but it is 
a problem of inspiring the same attitude of mind amongst the 
engineers in every city, town, and village in the United States. 
There is no State or city or municipal government that does not 
need the advice of the Engineering Council. There is no problem 
either in Federal or State or municipal legislation that does not 
at some point touch upon material construction and therefore 
come within the purview of the engineer. So that while the 
Council here in Washington and in those centers where the di- 
rectors can keep in contact with needs and the problems in 
hand does a great service, the same opportunity and the same 
need exist throughout the country. \ 

I know of no way of inspiring service except by contact. 


_ ties. 
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That service the country needs. 

It needs the plans and the intelligence of its engineers—the 
men who have in the very nature of their work the inspiration 
and enthusiasm and yet are the greatest realists in the world— 
and they are the men who should be heard from. 

For the service you have done during the past year is small 


measure of what can and will be accomplished by you, through 
the Council. 


Associated Technical Societies of Detroit 
Founded 


After several years of thought and discussion along similar 
lines, the movement for the affiliation of the architectural, 
engineering and other technieal societies of Detroit was taken 
up seriously in June 1921 by the organization of a Temporary - 
Couneil composed of two delegates from each of the several 
societies interested. The affiliation has become an accomplished 
fact, taking effect January 1, 1922, by the ratification of the 
proposed Constitution and By-Laws, acceptance of membership 
and election of Coune llors by the following twelve societies: 
Detroit Section, American Society of Civil Engineers; Detroit 
Chapter, American Association of Engineers; Michigan Chap- 
ter, American Society of Heating and Ventilating Engineers; 
Detroit Post, Society of American Military Engineers; Detroit 
Section, American Society of Mechanical Engineers; Detroit- 
Ann Arbor Section, American Institute of Electrical Engineers; 
American Institute of Chemical Engineers; Detroit Engineering 
Society; American Chemical Society and Detroit Chemists; 
Michigan Chapter, American Institute of Architects; Detroit 
Section, Michigan Society of Architects; Detroit Chapter, 
American Society of Steel Treating. 

The permanent Council met and organized December 13, 1921 
and elected officers for 1922 as follows: Chairman, P. W. Keat- 
ing; Vice-Chairman, A. A. Meyer; Secretary-Treasurer, 
Walter R. Meier. 

The engineers, architects, chemists and other technical men 
of Detroit have for some time appreciated the need of one central 
association to represent the combined interests of these pro- 
fessional men. A central office will be established for conducting 
the business of the several societies. In the past, each of the 
several societies held a number of meetings throughout the year. 
Most of the societies met regularly once a month and some of 
them two and three times a month. The meetings of the various 
societies have often occurred on the same date but this conflict 
of dates will hereafter be avoided as the office of the new associa- 
tion will schedule the dates of meetings of all the technical socie- 
The Associated Technical Societies of Detroit will provide 
one meeting each month and this meeting will be under the 
management of one of the member societies. This member 
society will provide the speaker on a broad subject of interest 
to the members of all the technical societies. 

The paramount use of the new association to its members 
and to the public is its opportunity for public service both for 
the city of Detroit and for the state of Michigan. The associa- 
tion will take an active interest in all matters wherein engineer- 
ing, architectural and technical subjects are an important factor. 
The Council will study the opinions of the membership and will 
assist in furnish ng definite and accurate information to the 
public. The association will offer its assistance and advice to 
city and state officials whenever required. The aim and purpose 
of these activities will be to provide the highest and most reliable 
technical information for the proper consideration of public 
improvements and public undertakings in which all our citizens 
are interested. 


A. 1. E. E. Section in Santiago, Chile 


Under date of November 23, members of the Institute located 
in Santiago de Chile forwarded a petition to Institute head- 
quarters requesting authority to organize a Section of the In- 
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stitute, to comprise the territory within the Republic of Chile. 
This petition was approved by the chairman of the Sections 
Committee and the desired authority was granted by the Execu- 
tive Committee at a meeting held in New York, January 13. 

In a letter transmitting the petition on behalf of the members 
located in Chile, Mr. R. F. Hayward, who for many months 
was one of the most active members of the Vancouver Section 
and who removed to Santiago in the Fall of 1920, said: ‘“‘There 
is great electrical activity in Santiago, Valparaiso, and the sur- 
rounding districts. The state railways between Santiago and 
Valparaiso are being electrified and there is a probability of 
the electrification of the Transandine Railway. The University 
of Chile is an old and very well established organization, with a 
strong engineering department. In considering the present 
activities and the future developments, we believe the time is 
ripe for the establishment of a Section of the American Institute 
of Electrical Engineers.” 


Research Graduate Assistantships 
ENGINEERING EXPERIMENT STATION, UNIVERSITY 
OF ILLINOIS 

To assist in the conduct of engineering research and to extend 
and strengthen the field of its graduate work in engineering, the 
University of Illinois maintains fourteen Research Graduate 
Assistantships in the Engineering Experiment Station. Two 
other such assistantships have been established under the 
patronage of the Illinois Gas Association. These assistantships, 
for each of which there is an annual stipend of $600 and freedom 
from all fees except the matriculation and diploma fees, are 
open to graduates of approved American and foreign universities 
and technical schools who are prepared to undertake graduate 
study in engineering, physics, or applied chemistry. 

An appointment to the position of Research Graduate 
Assistant is made and must be accepted for two consecutive 
collegiate years, at the expiration of which period, if all require- 
ments have been met, the degree of Master of Science will be 
conferred. Not more than half of the time of a Research 
Graduate Assistant is required in connection with the work of 
the department to which he is assigned, the remainder being 
available for graduate study. 

Nominations to these positions, accompanied by assignments 
to special departments of the Engineering Experiment Station, 
are made from applications received by the Director of the 
Station each year not later than the first day of March. The 
nominations are made by the Executive Staff of the Station, 
subject to the approval of the President of the University. 
Nominations are based upon the character, scholastic attain- 
ments, and promise of success in the principal line of study or 
research to which the candidate proposes to devote himself. 
Preference is given those applicants who have had some practical 
engineering experience following the completion of their under- 
graduate work. Appointments are made in the spring, and they 
become effective the first day of the following September. 
Vacancies may be filled by similar nominations and appoint- 
ments at other times. 

Additional information may be obtained by addressing The 
Director, Engineering Experiment: Station, University of 
Illinois, Urbana, Illinois. 


Uiumination Items 


NEW ACTIVITIES OF LIGHTING AND ILLUMINATION 
COMMITTEE 


At a recent meeting of the Lighting and Illumination Com- 
mittee of the A. I. E. E., it was decided to furnish the JouRNAL 
with lighting information of news interest to the members of 
the Institute. In accordance with this plan the first eontribu- 
tion appears in this issue on page 149. The committee expects 
to establish a monthly review of important developments and 
general information in the lighting field. 
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Mr. W. M. Skiff, Nela Park, Cleveland, O., has been desig- 
nated by the committee to take charge of this activity. He will 
welcome suggestions, comments and appropriate contributions. 

The Lighting and IHlumination Committee stands ready to 
assist Sections and Branches of the Institute by suggesting 
topies and speakers for meetings and by aiding in these arrange- 
ments as far as practicable. Requests should be addressed to the 
chairman, G. H. Stickney, 5th and Sussex Streets, Harrison, 
INI, dhs 
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Pau Lrunag, of the engineering department of the New York 
Edison Company, has sailed for Denmark for several months 
stay. 


A. H. Sweurman, until recently with Stone & Webster, Boston, 
is now located with the Edison Electric Illuminating Company of 
Boston. 


A. D. Suuurz has left the Eastern Shore Gas & Electric 
Company, Salisbury, Md., to become connected with the L. J. 
Marsh Electric Company of Philadelphia. 


Guy K. Caxuoun, formerly in the Bureau of Steam Engineer- 
ing, Navy Department, Washington, has taken up work with the 
Sperry Gyroscope Company, Brooklyn, N. Y. * 


J. D. Wutremorp, until recently with the West Virginia 
Traction & Electric Company, Wheeling, W. Va., is located with 
the West Penn Power Company, Pittsburgh. 


G. S. Nunemaker, formerly general superintendent of the Ten- 
nessee Power Company, Chattanooga, Tenn., has become 
general manager of the Cumberland Power Company, Lebanon, 
Tenn. 


D. C. Duruanp has severed his connections with the Mitchell 
Motors Company, Racine, Wis., of which he was president and 
general manager, and is located with the General Electric Com- 
pany, New York City. 


Frank J. Beavers, formerly distribution engineer with the 
Gary Heat, Light and Water Company, Gary, Ind., is now loca- 
ted with the engineering department of the Scranton Electric 
Company, Seranton, Pa. 


F. D. Emory becomes on February Ist superintendent of opera- 
tion and maintenance, B. C. & Alberta Power Company, Ltd., 
Fernie, B. C., Canada. He was previously district inspector 
in the electricity and gas departments, Nelson, B. C. 


Ernest V. Pannewt, of the British Aluminum Company, 
Ltd., New York City, will represent that company in Tokyo, 
Japan, after February Ist. His address there will be ¢/o Furu- 
kawa & Company, Tokyo. 


R. L. Botsen, until recently with the Ironwood & Bessemer 
Railway & Light Company, Ironwood, Mich., as superintendent, 
street railway, has left to become connected with the Ashland 
Light, Power & Street Railway Company, Ashland, Wis. 


Hart EH. Norman has accepted appointment as director of 
the Department of Public Utilities, City of Kalamazoo, Mich. 
He was formerly with the General Electric Company, Atlanta, 
Ga. 


KH. C. Guirner has been appointed manager of the Ingersoll 
Rand Company of New England,in Boston. He was previously 
assistant general sales manager of the Ingersoll Rand Company, 
New York City. 


Ernest G. B. Mitiar has become chief engineer of the Eng- 
lish Electric Company of Australia, located in Sydney. He has 
been for several years designing engineer for the G. Weymouth 
Electric Company, Richmond, Victoria. 
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F. E. Garsratiru, division superintendent of line construction 
with the American Telephone & Telegraph Company, has left 
the New York office of the company and is located in Phila- 
delphia. His connections with the company remain the same. 


C. L. Stone has left the Southern New York Power & Railway 


Corporation, Cooperstown, N. Y., of which he was vice-president 
and general manager, to become connected with the Cleveland 
Electric Iluminating Company, Cleveland, Ohio. 


CarLeTon H. Parker is now located with the United Electric 
Railways Company, Providence, R. I., in the line and signal 
department. He was previously with the Puget Sound Tele- 
phone Company, Everett, Wash. 


Cuar.es Marruews, chief electrician of the Curry Camping 
Company, Yosemite Valley, Cal., will commence for his company 
on March 1 the installation of one of the largest electric cooking 
equipments in the United States. The installation will be of 
350-kw. capacity, 220 volts. 


Lyte A. Wurrsir is now located with the Adirondack Light & 
Power Corporation, Amsterdam, N. Y., as hydroelectric engi- 
neer. Mr. Whitsit was an engineer with the Superpower Survey 
of the U. S. Geological Survey, which was located in New York 
under the direction of W. S. Murray in 1920 and 1921. 


W. M. Vernor will soon leave for the Philippines to take 
up work as electrical engineer and salesman with the Catton- 
Neill Engineering and Machinery Company, Manila. He was 
formerly employed with the Westinghouse Electric & Manu- 
facturing Company, New York City. 


W. H. Patterson, who has been assistant manager of the 
industrial department of the Westinghouse Electric & Manu- 
facturing Company, E. Pittsburgh, has resigned to accept the 
position of vice-president of the Kaestner & Hecht Company, 
Chicago, elevator manufacturers. 


ALBERT T. WestTRAP, who has been with the British Thomson- 
Houston Company, has left England for India, where he will be 
engaged on the Cauvery Power Scheme, Sivasamudram, Mysore 
State. Mr. Westrap has assisted in several installations of the 
hydroelectric plant at Cauvery Falls at various times. 


Cart G. SCHLUEDERBERG, assistant manager of the supply 
department of the Westinghouse Electric & Manufacturing 
Company, E. Pittsburgh, left recently for South America, where 
he will spend three months visiting Chile, Peru, Uruguay, Para- 
guay and Brazil, studying electrical merchandising business 
conditions in the interest of his company. 


D. M. Fraser has severed his connections with the Canadian 
General Electrical Company, Ltd., and is now president of the 
Dominion Engineering Agency, Ltd., Toronto. Mr. Fraser is a 
graduate of Heriot-Watt College, Edinburgh, and has had a 
number of years of broad electrical engineering experience in 
Scotland, England and Canada. He has served as secretary 
of the Toronto Section of the Institute. 


G. G. Tuompson, for the past ten years with the Cutler- 
Hammer Manufacturing Company, has recently become connec- 
ted with the Ward Leonard Electric Company, Mount Vernon, 
_N. Y., where he will specialize on magnetic theater dimmers. 

Mr. Thompson is a graduate of the University of Michigan and 
has had twelve years’ experience in the design of electric control 
apparatus and resistors. 


F. M. Ferker, vice-president of the McGraw-Hill Publishing 
Company, who for the past eight months has been a special 
administrative assistant to Secretary of Commerce Hoover in 
the reorganization of the Department of Commerce, has resigned, 
but will continue his relations with the department in a consult- 
ing capacity. Mr. Feiker has been on leave of absence from the 
McGraw-Hill Company in order to give his services to the 
Department of Commerce. 
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Wrtrram I. WHITEFIELD, for the past seven years connected 
with the Roanoke Railway & Electric Company, Roanoke, Va., 
as power salesman and assistant superintendent, lighting and 
power department, has accepted a position with the Chas. M. 
Kelso Company, engineers and contractors, and will be located 
at Utica, N. Y., after March 1, 1922. Mr. Whitefield is a gradu- 
ate of the Virginia Military Institute and a certified professional 
engineer in the State of Virginia. 


Crarence P. Fowxer, consulting engineer for Graham, Par- 
son & Company, investment bankers, Philadelphia, recently 
delivered a series of addresses to the sales organization of that 
firm, on the elements determining the safety of principal and 
interest of investment securities based upon the different classi- 
fications of public utility and industrial enterprises. Mr. Fowler 
has had extensive experience in the construction and manage- 
ment of properties in practically all parts of the United States 
and Canada, many of which he has examined and reported 
upon to investment banking houses for financing purposes. 


V. A. Zpur, consulting engineer of Pekin, Ill., who sailed last 
August for Europe to investigate a construction work near 
Prague, Bohemia, has located in Brandys Labe, Czechoslovakia, 
where he will practise engineering. Mr. Zehr was born in 
Brandys, attending school in Prague, and after several years of 
practical engineering experience came to this country in 1915. 
Here he was employed successively with Stone & Webster, 
Boston, General Electric Company, Schenectady, Westinghouse 
Electric & Manufacturing Company, E. Pittsburgh and E. T. 
Perkins Engineering Company, Chicago, after which he opened 
his own office in Pekin, Ill. 


C. W. Parks, Rear Admiral, Chief of Civil Engineers, U.S. N., 
resigned his position as chief of the Bureau of Yards and Docks, 
Washington, D. C., on December 15 last, and has been placed on 
the retired list. Rear Admiral Parks joined the Institute in 
1887, at which time he was head of the physics department of 
Rensselaer Polytechnic Institute. He has held various engineer- 
ing positions since entering the U. 8S. Navy; previous to the 
office in Washington from which he has just retired he was for 
several years public works officer of the U. S. Navy Yard in 
Philadelphia, and then held the same title at the U. S. Naval 
Station in Pearl Harbor, Hawaii. 


Eric A. Lor, industrial engineer and specialist of the power 
and mining engineering department of the General Electric Com- 
pany, was recently the recipient of a medal conferred on him 
by the King of Sweden, in recognition of meritorious services 
to the Swedish government. Mr. Lof was born in Sweden and 
came to this country in 1902, becoming connected with the 
General Electric Company at Schenectady in 1909. Last year 
he spent several months in Europe for the International General 
Electric Company, partly in connection with the extensive power 
transmission and railway electrification projects which are being 
planned by the Swedish government. Mr. Lof is the author of 
several books and of a number of contributions to the technical 
press, and has also delivered lectures on various subjects. 


Obituary 


Wo. F. Donnrry, of Bombay, India, was murdered in Bombay 
by Indian rioters on November 19, 1921. Mr. Doherty with 
his wife had attended various functions held in connection with 
the visit of the Prince of Wales, and on the morning of the 19th 
left for Byculla to see about some repairs for the Bombay 
Building Supply Company, of which he was part owner. He 
had received no warning of any danger, but on the way was 
waylaid by a mob of rioters and murdered. Mr. Doherty was 
an “American, born in Bentonville, Arkansas, in 1881. He was 
a graduate of the University of Nevada. After a number of 
years of engineering experience with various companies in this 
country, including a year as chief engineer in charge of the El 
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Paso Milling Company, El Paso, Tex., he went to Spain in 1918 
to take full charge of the installation of equipment in the Pobla 
hydroelectric station. After nearly two years. there he left for 
Cuba, where he was assistant chief electrical engineer with the 
Cuban American Sugar Company. Several years later he 
became connected with the Tata Hydroelectric Power Supply 
Company, Bombay, as chief engineer of generation, which position 
he held until 1921, leaving in order to devote his time to the Bom- 
bay Building Supply Company. This company was originated 
through a new process invented by Mr. Doherty for the excava- 
tion of sand shingle from beneath 15 to 20 feet of water. The 
company is contractor to the government. Mr. Doherty 
became a Member of the Institute early in 1919. 


LLEWELYN Owrn. Word has been received of the death of 
Llewelyn Owen, a Member of the Institute, on August 21, 1921. 
Mr. Owen was superintendent of the electrical department of 
the Central Illinois Light Company, Peoria, Ill. He started 
with this company in 1899, when it was known as the Peoples 
Gas and Electric Company, and was at that time assistant 
superintendent of the company. As the company developed 
he became assistant superintendent of the electrical department, 
and in 1907 was appointed superintendent of this department, 
which position he held at the time of hisdeath. Mr. Owen was 
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born in Milwaukee, Wis., in 1876, and was graduated in electrical 
engineering from the University of Wisconsin. 


Epwarp 8. Morre.u, assistant superintendent in charge of 
electrical and mechanical equipment of the general office build- 
ings of the Pennsylvania Railroad Company, Philadelphia, died 
on December 24, 1921. Mr. Morrell was born in Philadelphia 
in 1870, and had been associated with the electrical contracting 
and engineering business for a number of years, installing and 
designing lighting and power plants throughout the country. 
In 1904 he became assistant electrical engineer with the 
Pennsylvania Railroad Company, later appointed electrical 
engineer. He joined the Institute in 1917. 


N. A. Wotre of the industrial control engineering department . 
of the General Electric Company, Schenectady, N. Y., died 
December 16, 1921, from general meningitis. He was ill just 
a week. Born in Wheeling, W. Va., in 1885, Mr. Wolfe was 
graduated from the University of West Virginia in 1910. He 
then entered the testing department of the General Electric 
Company at Schenectady, and remained with that company in 
various departments to the time of his death. In 1911 he joined 
the Schenectady Section of the Institute, and in 1917 became 
an Associate of the Institute. 
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The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Enginvers and the American Society of Mechani- 


cal Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


Itis administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thiriy- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Director of the Library wili gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. : 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except durina 


July and August when the hours are 9 a. m. to 6 p. m. 


LIBRARY BOOK LOANS 


The Library Board of the Engineering Soc eties Library has 
adopted rules authorizing the Director of the Library to lend to 
members of any Founder Society any duplicate books in the 
library, subject to the following rules: 

1. Duplicate books may be lent to members of Founder 
Societies or of any other societies that contribute to maintain the 
Library. 

2. Books will be lent for twenty-eight days, including time in 
transit. 

3. Five cents a day will be charged for each book kept longer 
than twenty-eight days. 

4. Borrowers shall be responsible for books borrowed, and 
shall pay shipping and insurance charges from and to the 
Library. 

The Library has several thousand volumes that can be lent 
under this authorization. These include a considerable number 
of text-books, reports, ete. of various dates. Periodicals are 
not included, as the cost of storing duplicate sets seems prohibi- 
tive and individual articles can be photoprinted at little expense. 
The collection is being increased regularly by the addition of any 
suitable duplicates received by the Library. Members are 
invited to present any books of permanent value for this purpose, 
which they can spare from their libraries. It is hoped that the 
collection may in time become adequate to meet the usual needs 
of members by providing any standard book needed for a short 
time. 


No catalog has been published, although it is hoped that one 
may be, when the collection becomes extensive enough to warrant 
doing so. Until that time, the Director will be glad to receive 
requests and report whether the books are available or not. 


BOOK NOTICES (DEC. 1-31, 1921) 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statements made; these are taken from the 
preface or the text of the book. 

All the books listed may be consulted in the Engineering 
Societies Library. 


RADIOACTIVITY AND RADIOACTIVE SUBSTANCES. 


By J. Chadwick. Lond. and N. Y., Sir Isaac Pitman & Sons, 
Ltd., 1921. (Technical primers). 111 pp., illus., 6 x 4in., cloth. 
$.85. 

This clear, accurate account of radioactive phenomena, by 


one with first hand knowledge of the facts, furnishes the beginner 
with a simple, concise, accurate introduction to the subject. 


Rapio QuESTIONS AND ANSWERS. 


By Arthur R. Nilson. First edition. N.Y. & Lond., McGraw- 
Hill Book Co., Inc., 1921. 86 pp., illus., 7x5 in., boards. $1.00. 


A quiz compend for those preparing for examinations. Treats 
of theory, apparatus, laws and regulations, ete. 
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Emission or Execrriciry rrom Hor Boptgs. 
By O..W. Richardson. Second edition. 
Longmans, Green and Co., 1921. 

320 pp., 9xG6in., cloth. $5.25. 


This work, one of a series of monographs in physies edi 

' Hy Sir J.J. Thomson and Prof. Horton, dea at ine she 
of positive and negative electricity from hot bodies. The author 

was one of the first investigators of this subject and a large 

part of our knowledge is due to his work. As a consequence 

we have a clear, up-to-date account of the subject written by 

aaa pbprenaies fully the ee acral difficulties and the 

y ot.the theories proposed. Thi iti 
extended and thoroughly RGheed eer OS Re 


Lond. and N. Y., 
(Monographs on physics.) 


Memoirs sur L’ELEcTROMAGNETISME ET L’ELecTRODYNAMIQUE. 

By Andre-Maries Ampere. 110 pp., illus., 7x4 in., paper. 
3 frs. 

The two classic memoirs in this little book are that in which 
Ampere described his experiments upon the action exerted on 
an electric current by another current or a magnet, and the one 
giving the results of his study of the formula expressing the 
attraction and repulsion between two infinitely small elements 


of two conductors. They are here reprinted from the best 
text in attractive form. 


TURBINES. , 

By A. E. Tompkins. Third edition,. revised. Lond., So- 
ciety for Promoting Christian Knowledge; N. Y., The Macmillan 
Co., 1921. 180 pp., illus.,8x5in., cloth. $2.50. 

Describes in simple non-mathematical fashion, good modern 
practise in theconstruction and working arrangement of water tur- 


bines, turbine pumps and steam turbines. Useful to students 
and to men engaged in fitting and repairing turbines. 


ELEMENTS OF ILLUMINATING ENGINEERING. 

By A. P. Trotter. Lond. and N. Y., Sir Isaac Pitman & 
Sons, Ltd., 1921. (Technical primers.) 103 pp., illus., 6x 4in., 
eloth. $.85. 


This primer, intended as an introduction to the elements of 
the subject, gives a clear concise account of the theoretical 
principles, and of modern practise in the distribution and meas- 
urement of illumination. 


TREATISE ON THE INTEGRAL CALCULUS. 


By Joseph Edwards. Vol. 1. Lond., Macmillan and Co., 
Ltd., 1921. 907 pp., 9x6 in., cloth. $16.00. (Gift of the 
Macmillan Co., N. Y.) 

The first volume of an extensive treatise on the subject for 
advanced students. Attempts to collect all the information 
necessary to give the reader a good working knowledge of integral 
calculus, both practically and theoretically, and to place’ this 
information before him as clearly as possible, with abundance 
of illustrative examples and instances of the application of the 
principles explained. 


GrapuicaL ANALysis: A Text-Book oN GRAPHIC STATICS. 

By William S. Wolf. First edition. N. Y.. and Lond., 
McGraw-Hill Book Co., Inc., 1921. 374 pp., illus., 9x6 in., 
cloth. $4.00. 

Based on the author’s courses in the University of Ilinois. 


Deals with the analysis of stresses rather than with design or 
the computation of loads, but includes some consideration of 


these questions also. 


Cours DE MECANIQUE RATIONELLE. ‘ 
By Louis Roy. Paris, Gauthier-Villars et Cie, 1921. 259 


pp., 10 x 6 in., paper. 

This volume with the author’s previous book on graphic 
statics and strength of materials forms a course of instruction 
in mechanics for students of engineering. ‘The present work is 
intended for beginners and therefore is confined to the elements 
of mechanics, which it presents so that students will have the 
grounding necessary for the study of applied mechanics, general 
physics and electrical engineering. 


La Puysigup THEORIQUE NOUVELLE. : 
By Julien Pacotte. Paris, Gauthier-Villars et Cie, 1921. 


182 pp., 10x6in., paper. 12 fr. ; haem lene 
he new physics in question had its origin in Lorentz s electro- 
ete aies leh is the definitive form of Maxwell’s theory; its 
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most advanced theories are due to HKinstein; it has to do with 


relativity, with the energy equivalent of two masses of matter, 
with atoms of energy. 

The author presents a historical critical, non-mathematical 
account of the theories that underlie modern ideas suitable as 
an introduction to the subject.. 


Essai PHILOosOPHIQUE SUR LES PROBABILITIES. 


By Pierre-Simon Laplace. Paris, Gauthier-Villars et Cie, 1921. 
(Maitres de la pensee scientifique.) 2 vol. 7x4 in., paper. 
3 fr. per vol. 


In this famous book Laplace presented, without resorting to 
analysis, the principles and general results of the theory of prob- 
abilities, and applied them to some of the most important 
questions of life. The present edition reproduces the best 
text in a cheap, convenient edition. 


La Lor pz Newton ust La Lor Unreun. 


By Max Franck. Paris, Gauthier-Villars et Cie, 1921.> 158 
pp., 10x6in. paper. 12.50 fr. 


The question considered in this book is whether itis possible, 
with our present knowledge, to formulate the law governing 
the mechanism of the universe. Upon two postulates, that all 
potential energy resides in the absolute space of the physicist, 
and that all matter is formed of an element of inertia movable in 
space, the author erects a hypothesis, and compares its conse- 
quences with known facts, to determine how nearly the two agree. 

The first consequence is the confirmation of Newton’s law, 
which may now be given its exact intrepretation; this is the reason 
for the title given the book. The author’s theory uses only - 
the notions of space, time force and inertia admitted in Euclidean 
geometry and mechanics. 


Economics oF PETROLEUM. 


By Joseph HE. Pogue. N. Y., John Wiley & Sons., Ine.; 
Lond., Chapman & Hall, Ltd., 1921. 375 pp., plates, illus., 
9x6in cloth. $6.00. "Pate c 

The purpose of this book is to present the more important 
economic facts relating to petroleum, to interpret the changes 
that are taking place in the industry and to forecast the future 
trend of these changes. The book is intended for those engaged 
in the petroleum industry as engineers or producers, and for 
those engaged in industries dependent on petroleum products, 
and contains useful information on our resources, the trend of 
development, production and _ refining, transportation, prices, 
trend of consumption, and similar topics. 


MateriaL HANDLING CYCLOPAEDIA. 


Compiled and edited by Roy V. Wright, John G. Little and 
Robert C. Augur. N. Y. Simmons-Boardmann Publishing Co., 
1921. 846 pp., illus., 12x9in., cloth. $10.00. 


Designed to present comprehensively definitions, deserip- 
tions, illustrations, applications and methods of operation of 
industrial devices for handling materials. Covers hoisting 
machinery, -package conveyers, loose material conveyers, 
elevators, trackless transportation, industrial rail transpor- 
tation and handling systems. Hach section has been prepared 
by a specialist. 


Addresses Wanted 


A list of members whose mail has been returned by the Postal 
Authorities is given below, together with the addresses as they 
now appear on the Institute records. . Any member knowing the 
present address of any of these members is requested to com- 
municate with the Secretary at 33 West 39th Street. 


1.—Waldo C. Cole, 410 Mills Bldg., El Paso, Texas. 

2.—E. W. Erikson, 214 University Club Bldg., St. Louis, Mo. 

3.—E. L. Neil, Box 401, Palo Alto, Calif. 

4.—Frank J. Quinn, Lord Electric Co., 105 W. 40th St., New 
ions Nisan ee 

5.—R. W. Seem, 633 W. 74th St., Los Angeles, Calif. 

6.—F. W. Smith, 500 Todd St., Wilkinsburg, Pa. 

7.—Frank Spiruta, 1402 So. 61st Ave., Cicero, Ill. 

8.—Louis H. Wessels, 105 Union St., Jersey City, N. J. 
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SECTION MEETINGS 


Atlanta.—December 29, 1921, Assembly Hall, Chamber of 
Commerce Building. Subject: “Muscle Shoals’ (illustrated 
by hydrographic charts and blueprints). Speaker: Mr. Charles 
G. Adsit, of the Georgia Railway and Power Company. TFollow- 
ing this talk Mr. L. E. Lewis, who was in charge of a portion 
of construction work when Muscle Shoals Plant was being eon- 
structed, delivered a very interesting paper on the general 
arrangement and the processes which the Government had con- 
templated. Mr. A. M. Schoen gave a brief and interesting 
talk on some investigations which he recently conducted at 
the Wilmington works of the E. I. duPont de Nemours Company. 
Attendance 100. 

Baltimore.—December 16, 1921, Service Building of the 
Westport Generating Station of the Consolidated Gas, Electric 
Light & Power Company. Members of the Baltimore Section 
of the A. S. M. E. and Johns Hopkins Electrical Club were present 
as guests. The meeting was preceded by an inspection trip 
through the generating station, after which a buffet supper was 
served in the cafeteria. Subjects presented: ‘‘The Design and 
Construction of the Westport Generating Station,’ by Mr. 
A. S. Loizeaux, of the Consolidated Gas, Electric Light & Power 
Company; ‘“‘Operating Problems in the Westport Generating 
Station,’ by Mr. A. P. Penniman, Superintendent of Steam 
Stations of same company. Attendance 150. 


Boston.—December 15, 1921, Walker Memorial Building, 
M.1I.T. Joint meeting of the Boston Section A. I. E. E. and 
the combined professional societies of M. I. T. Subject: ‘‘Pro- 
tection of Electric Systems.’’ Speaker: Dr. Charles P. Stein- 
metz, Chief Consulting Engineer of the General Electric Company, 
‘Schenectady, N. Y. The talk was illustrated with lantern slides. 
Refreshments were served. Attendance 1100. 

Chicago.—January 5, 1922. Western Society of Engineers 
Rooms. Joint meeting with the Western Society of Engineers 
and American Institute Mining and Metallurgical engineers. 
Subject. “The Story of Tungsten.’ Speaker: Dr. Balke, Chief 
Metallurgist of the Fansteel Products Company. Attendance 
165. 

Cincinnati.—January 3, 1922, Engineers Club of Dayton. 
Joint meeting of the Cincinnati Section A. I. E. E. and the Day- 
ton Engineers Club. Subject: 
Development.’’ Speaker: Dr. William McClellan, President 
of the A. I. E. E. This subject was enlarged upon by Dean 
Kimball of the College of Engineering Cornell University, 
and President of the A. S. M. E. Mr. C. F. Kettering, Vice- 
President of the Dayton Engineers Club also addressed the 
meeting. Attendance 190. 

Connecticut.—December 15, 1921, Hartford Electrie Light 
Company’s Building. Subject: ‘Caribou Hydroelectric De- 
velopment of the Great Western Power Company’’ (Feather 
River, Cal.) Speaker: Mr. Albert A. Northrop, Hydrualie En- 
gineer, Stone & Webster Engineering Corporation, Boston. At- 
tendance 175, including many members of the A. S. M. E. and 
ity Sy Ob IDE 


Denver.—December 12, 1921, Adams Hotel. Dinner pre- 
ceded the meeting. Subject: “Colfax Station of the Duquesne 
Light Company of Pittsburgh.’ Speakers: Messrs. Charles W. 
E. Clarke and Don L. Galusha, of the Dwight P. Robinson Com- 
pany. The talk was illustrated by moving pictures and lantern 
slides. Attendance 100. 

Detroit-Ann Arbor.—December 9, 1921, Detroit Edison 
Company. Subjects: ‘Allied Interests of the Electrical In- 
spector and Electrical Engineer,’ by Mr. B. Clark; and ‘The 
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Development of Insulation for Electric Wires,’”’ by Mr. Hugh T. . 
Wreaks. Attendance 54. 

Erie.—December 13, 1921. Joint meeting with Engineers 
Society of Northwestern Pennsylvania and Erie Section A. S. 
M. E. Subject: ‘Engines for Aeroplanes.’ Speaker: Major 
J. C. Riley. Attendance 200. 

December 20, 1921. Public Library. Paper: “Biography of 
the Induction Motor.” Author, Chairman Schum. Owing to 
the inability of Mr. Schum to be present, his paper was read 
by Mr. M. P. Anes. Attendance 20. 

Ithaca.—December 9, 1921, Franklin Hall, Cornell University. 
Subject: ‘“‘The Trend of Modern Physies as Related to Electrical 
Engineering.”” Speaker: Professor F. K. Richtmeyer, of Cornell 
University. Attendance 100. 

Kansas City.—December 30, 1912, Blue Lantern Tea Room. 
Annual Meeting. Election of officers as follows: Chairman, C. 
J. Larsen; Secretary Glenn O. Brown. Subject: “‘Telephone 
Engineering.”’ Speaker: Mr. H. C. Currier, of the Kellogg 
Switchboard and Supply Company. Attendance 20. 

Los Angeles.—December 6, 1921, Lecture Room, Chamber 
of Commerce. Mr. A. C. MeCune, of the American Welding 
Society, spoke of the advantages of the new organizations which 
are in process of formation through the country. A motion pic- 
ture relating to the manufacture of iron and steel was shown, 
and the various steps explained by Mr. McCune. Mr. Cunning- 
ham of the General Electric Company showed some lantern 
slides relating to automatic welding equipment and automatic 
welding methods as used by the General Electrie Company. 
Mr. Hopkins of the Westinghouse Company, also showed lantern 
slides of portable shop and stationary electrical welding equip- 
ment and gave examples of work accomplished with this appa- 
ratus. Attendance 100. 

Lynn.—December 14, 1921, General Electric Hall, West 
Lynn. Joint meeting with Boston Section A.S.M.E. Subject: 
“The Development and Use of Precision Gages for Accuracy 
Determinations in Mechanical Measurements.’’ Speaker: 
Major W. E. Hoke, Consulting Engineer of Baltimore, Md. The 
lecture was illustrated. with lantern slides and also by the use 
of a large number of gages. Attendance 300. 

January 4, 1922. Subject: ‘““Banking.’”’ Speaker: Mr. J. D. 
Brennan, Vice-President, First National Bank, Boston, Mass. 


Refreshments were served at the close of the lecture. Attend- 
ance 175. 
Minnesota.—December 14, 1921, Elks Club, St. Paul. 


Dinner was served preceding the meeting. Subjects: ‘‘Theory 
of the Vacuum Tube and Its Engineering Applications,’ by 
Professor C. M. Jansky, Jr.; ‘‘Wave Filters,’’ by Professor R. R. 
Herrman. Attendance 42. 

Panama.—November 27, 1921, Balboa Radio Station. 
Subject: “Radio Communication—Spark Telegraphy.’’ Speaker: 
Mr. A. C. Bullock. Attendance 34. 

December 18, 1921. Darien Radio Station. 
“Radio Communication—Are Telegraphy.’’ Speaker: Mr. 
A. C. Bullock. After presentation. of the paper an inspection 
trip was made throughout Darien Radio Station. Attendance 
38. 

Philadelphia.—December 12, 1921, The Engineers Club. 
The meeting was preceded by a dinner. Subject: ‘The Steel 
Clad Rectifier.’ Speaker: Mr. J. H. Milliken, of the Mid- 
states Engineering Company, Chicago. Attendance 127. 

December 20, 1921. Materials Handling Symposium. Joint 
meeting of Engineers Club of Philadelphia, Philadelphia Cham- 
ber of Commerce and the Philadelphia Sections of American 
Institute of Electrical Engineers, American Society of Civil 


Subject. 
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Engineers, American Society of Mechanical Engineers, Associa- 
tion of Iron & Steel Electrical Engineers, with the cooperation 
of Department of Wharves, Docks and Ferries, City of Philadel- 
phia. Afternoon: “Yard Electrification of Industrial Plant 


Railways,” by D. M. Petty, of the Bethlehem Steel Company, ° 


Betltfehem; “Design of a Port to Take Full Advantage of 
Mechanical Equipment,’ by Carroll R. Thompson, of the 
Department of Wharves, Docks and Ferries, City of Philadel- 
phia; ‘“‘What has been Done and What We Should Plan to do,” 
by Col. Fred Jasperson, Assistant Chief Engineer, P. & R. Ry.; 
“What Can Be Done with the Ship’s Gear,” by Capt. S. C. 
Loveland, of the S. C. Loveland Company, Philadelphia. 
Evening: ‘‘Our plans for a Great Foreign Commerce,” by 
_ Dr. Julius Klein, of the Bureau of Foreign and Domestic Com- 
merce, Washington, D. C.; ‘Belt Line Railway at Philadelphia,”’ 
by Hon. Geo. F. Sproule, Department of Wharves, Docks and 
Ferries, City of Philadelphia; Moving Pictures on ‘‘The Cost 
of Moving Material to and at a Pier,” by Major Elihu C. Church, 
Transportation Engineer of the Port of New York. The even- 
ing session was preceded by a dinner in the Oak Room and South 
Tower of the Bellevue-Stratford Hotel. Attendance 300. 


Pittsburgh.—December 19, 1921. Carnegie Institute of 
Technology. Subjects: ‘‘Radio Telephony and Broadeasting,”’ 
by Mr. L. W. Chubb; “Broadcasting Transmitters,” by Mr. 
D. G. Little; “Broadeasting Receivers,’ by Mr. M. C. Batsel, 
the three speakers being connected with the Westinghouse 
Electrie & Mfg. Company. Preceding Mr. Batsel’s talk a 
demonstration was given of standard radio receiving equipment 
with a cabinet graphaphone used as a loud speaker. A number 
of musical selections were listened to from Station K. D. K. A. 
Attendance 460. 


Pittsfield.— December 15, 1921, G. E. Auditorium. Subject: 
“Radio Telephony.” Speaker: Mr. B. R. Cummings, of the 
General Electric Company, Schenectady, N. Y. To illustrate 
the practicability of radio, a violin solo by Mr. Max G. Newman 
was received by a temporary improvised radio receiving set 
from Waconah Street, after which the audience listened to the 
tenor tones of Mr. James C. Morton. Mr. Herman L. West 
played the accompaniments. Attendance 350. 

January 5, 1922, G. E. Auditorium. Subject: ‘‘Foreign 
Trade and Our International Relations.” Speaker: Mr. 
Gerard Swope, President of the International General Electric 
Company. Attendance 250. 


Portland.— December 14, 1921, University Club. Meeting 
held under the auspices of the Oregon Electrical Contractors 
and Dealers Association. Subjects: ‘‘History of the Contrac- 
tor-Dealers Association,” by Mr. John R. Tomlinson; ‘‘Inter- 
relationship of the Contractor-Dealer and the Utility Company” 
by Mr. J. H. Sroufe; ‘‘The Possibility of Lengthening the Busi- 
ness Cycle,” by Mr. Wm. D. Moriarty. Attendance 32. 


Providence.—January 3, 1922, Providence Engineering 
Society’s Rooms. Joint meeting of the Providence Section 
A. I. E. E. and the Power Section of the Providence Engineering 
Society. Subject: ‘The Initial Hydroelectric Development 
of the Belgian Congo.’’ Speaker: Mr. William Frank Uhl. 
The talk was illustrated by lantern slides. Attendance 100. 

St. Louis.—December 19, 1921, Century Electric Company. 
Election of officers as follows: Chairman, Mr. Charles C. Robin- 
son; Secretary-Treasurer, Mr. J. M. Chandlee. Subject: 
“The Neutralized Series Conduction Motor on A-C. and D-C. 
Circuits.’ Speaker: Mr. Val A. Fynn. Attendance 25. 


San Francisco.—December 9, 1921, Engineers Club. A 
symposium of papers on Industrial Electric Heating was pre- 
sented as follows: ‘‘Pacific Coast Factory Conditions and Their 
Relation to Industrial Heating,’ by Mr. L. F. Leurey; “Indus- 
trial Electrical Heating from the Central Station Standpoint,”’ 
by Mr. A. Strauch; ‘‘The Theory and Application of Electrical 
Industrial Heating,” by Mr. E. Kramer. Attendance 52. 
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Schenectady.—December 16, 1921, Edison Club Hall. 
Subject: “A Practical Method of Assisting Prosperity in 
America.” Speaker: Mr. O. K. Davis, Secretary of the 
National Foreign Trade Council. Attendance 100. 

Seattle.—December 10, 1921. The meeting took the form 
of an inspection trip of the U. S. S. Tennessee (electrically driven), 
at the Puget Sound Navy Yard. This was followed by a dinner 
at the Navy Yard Hotel, after which the following speakers were 
introduced: Commander A. M. Charlton, Engineer Officer of 
the U. 8. S. Tennessee, who spoke on the subject of “Main 
Drive of the Tennessee”; Lieutenant Commander Hugh L. 
White, Electrical Officer, on ‘The Service Power Plant’’; 
Commander Russell S. Crenshaw, Gunnery Officer, on ‘The 
Battery of the Tennessee.’”’ Attendance 90. 

Syracuse.—December 16, 1921. Subject: “The Vacuum 
Tube,” illustrated by lantern slides. Speaker: Dr. Saul Dush- 
man, of the General Electric Company. Attendance 53. 

Toronto.—December 9, 1921, Mining Building, Toronto 
University. Subject: ‘Distribution Records and Overhead 
Distribution.” Speaker: Mr. C. E. Schwenger, of the Toronto 
Hydroelectric System. Attendance 75. 

Urbana.—December 15, 1921. Motion pictures of invisible 
actions, ete., shown by Dr. Rowland Rogers, of the Picture 
Service Corporation. Attendance 275. 

Washington.—December 13, 1921, Cosmos Club. Subject: 
“Types of Okonite Wire,’ read by Mr. White, owing to the ill- 
ness of the author, Mr. Hackett. The subject was illustrated 
by five reels of moving pictures. Mr. J. P. Millwood spoke on 
the subject of ‘Specifications for Insulated Wire.’’ Messrs. 
Dalgleish, Helms and Beals, all of the C. & P. Telephone 
Company, were ealled on to take part in the discussion. Refresh- 
ments were served. Attendance 208. 

January 10, 1922, Department of Interior Building Audi- 
torium. Joint meeting of Washington Sections A. I. E. EH. and 
A. S. M. E. Subject: ‘‘Superpower Survey.’’ Speakers: 
Mr. ‘Henry Flood, Jr., who spoke on the Steam Generating 
Stations of the Superpower Survey; and Mr. L. E. Imlay on 
the hydroelectric developments of the system, the general types 
of transmission lines involved, the transmission voltages to be 
employed, the operation and regulation of the system, and the 
conclusions to be drawn. Both papers were discussed by Mr. 
N. W. Storer, of the Westinghouse Elec. & Mfg. Company. 
Preceding the meeting, dinner was served at the Cosmos Club. 
Attendance at meeting, 350. 

Worcester.—December 15, 1921, E. E. Dept. of W. P. I. 
Subject: ‘Electric Meters.” Speaker: Mr. A. R. Rutter, of 
the Westinghouse Electrie & Mfg. Company. Attendance 51. 


BRANCH MEETINGS 


Alabama Polytechnic Institute.—December 15, 1921. 
Subject: ‘Alternating Current as Applied to Railway Electri- 
Attend- 


fication.”’ Speaker: Mr. O. D. Williams, Class of ’22. 

ance 26. 
University of Alabama.—November 8, 1921. Subject: 

“The Electrical Apparatus Used on Automobiles.” Speaker: 


Mr. F. R. Maxwell, Jr. Attendance 14. 

November 22, 1921. Subject: ‘A Trip Through the Westing- 
house Works” (illustrated). Speaker: Mr. R. F. Wright, of the 
Birmingham Office of the Westinghouse Company. Attendance 
4]. é 

Brooklyn Polytechnic ‘Imstitute.—December 16, 1921. 
Subjects: “Street Lighting in New York City, Past and 
Present,” by Mr. Howard Dempsey; “The Possibilities and 
Uses of the Audion Tube,” by Professor Morecroft, of Columbia 
University. Attendance 85. 

Bucknell University.— January 9, 1922. 
of the Problems of the Electrical Engineers.” 
fessor Simpson. Attendance 33. 

Carnegie Institute of Technology.—January 5, 1922. 
Subject: ‘‘Western Electric Company’s Telephone Circuits.” 


Subject: “‘Resume 
Speaker: Pro- 
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Speaker: Mr. John C. Gates, Jr-, Senior Electrical. Moving 
pictures of the application of electricity to rolling mills and 
railroads were shown. Attendance 56. 


Georgia School of Technology.—December 12, 1921. 
Subject: ‘Surge Arrester.’”? Speaker: Mr. C. E. Bennett, 
Chief Engineer of Electro Service Company. Attendance 75. 


State University of lowa.—December 21, 1921. Subjects: 
“The Liberty (Ford Motor Co.) Generator,” and ‘Transmission 
Line Condensers,’’ by Messrs. McCall and MecLuen respectively. 
A movie entitled ‘“‘Starting and Lighting Systems on Auto- 
mobiles,’’ was also shown. Attendance 31. 


University of Kentucky.—November 28, 1921. Subject: 
“The Importance of Initiative.’ Speaker: Professor C. H. 
Anderson. Attendance 35. 


Lehigh  University——December 8, 1921. Subjects: 
“Wxperiences in Traction Maintenance,’ by Mr. J. W. Horine, 
122: “Influence of Power Factor on Rate Determination,” 
by Mr. W. W. Perry, of the Pennsylvania Utilities Company, 
Easton, Pa. Attendance 72. 


School of Engineering of Milwaukee.—December 2, 1921. 
Subject: ‘Electric Control in the Iron and Steel Industry.” 
Speaker: Mr. N. L. Mortensen, of the Cutler-Hammer Mfg. 
Co., Milwaukee, Wis. Attendance 66. 


University of Nebraska.—December 14, 1921. Inspection 
trip to the plant of the Lincoln Telephone and Telegraph Com- 
pany. Refreshments were served by the Telephone Company. 
Attendance 48. 


University of North Dakota.—December 6, 1921. Reor- 
ganization meeting. Election of officers as follows: Chairman, 
E. L. Hough; Secretary-Treasurer, S. W. Winje. Attendance 
23% 

Joint meeting with University Engineering Society. Sub- 
jects: ‘The Rocky Point Radio Station,’’ by Mr. A. M. Lang- 
ford; ‘‘1,000,000-Volt Experiments of the General Electric 
Company,” by Mr. R. B. Witmer; ‘‘The Problem of Reorganiz- 
ing the Government’s Engineering Work,” by Mr. S. W. Winje. 
Attendance 36. 


Ohio Northern University—December 15, 1921. Smoker. 
Short Talks by Professor Small, Beckwith, Alden and Carpen- 
ter. Refreshments were served. Attendance 52. 


January 5, 1922. Discussion on the laboratory equipment 
outlay and plans for future development. Attendance 37. 


Ohio State University.—December 14, 1921. Subject: 
“The Future Role of the Economist and Engineer in Public 
Utility Fields.” Speaker: Professor Clyde Ruggles. Attend- 
ance 20. 

January 10, 1922. Subject: “The Vacuum Tube and Some 
of Its Applications.”’ Speaker: Mr. John Mills, of the Western 
Electric Company. Attendance 100. 


Oklahoma A. & M. College.—December 12, 1921. Sub- 
jects: “Failings of the Engineering Graduate,’ by Mr. B. B. 
Talley; ‘‘Checking Efficiency of Generating Plants,’’ by Mr. 
O. Baker; ‘Electrifying Facilities for Port Operation,’ by 
Mr. Cecil Wells. Attendance 15. 


University of Oklahoma.—December 21, 1921. Demon- 
strated lecture on the ‘‘Automatic Telephone,’ by Professor 
O. W. Walters; illustrated talk on the ‘‘Simple Magneto Tele- 
phone,” by Mr. J. Swase; concert and lecture “The Radio 
Amateur.”’ Attendance 42. 


University of Pittsburgh.—January 4, 1922. Election of 
officers as follows: Chairman, C. A. Anderson; Vice-Chairman, 
W.4J. Zuck; Secretary, A. F. Robert. Attendance 35. 


Journal A. I. E. E. 


Purdue University.—December 15, 1921. Subject: "The 
Commercial Side of Public Utility Engineering.” Speaker: 
Mr. B. H. Gardner, of the Northern Indiana Gas & Electrie 
Company. Attendance 61. 

January 10, 1922. Subject: “Humanizing Engineering.” 
Speaker: Mr. J. W. DeCou, of the Fairfield Manufacturing 
Company, Lafayette, Ind. Attendance 82. 


Rensselaer Polytechnic Institute.—December 13, 1921. 
Subject: ‘The Application of Electricity in the Steel Industry.’ 
Speaker: Professor C. P. Eldred. Attendance 90. 


Rose Polytechnic Institute.—December 12, 1921. Sub- 
ject: ‘Automatic Illumination.” Speaker: Professor Knip- 
meyer. Attendance 232. 


December 20, 1921. Motion pictures illustrating the auto- 
mobile ignition system were shown. Attendance 27. 


Rutgers College.—-December 9, 1921. Organization meet- 
ing. Election of officers as follows: Chairman, H. Goldsmith; 
Vice-Chairman, P. H. Betts; Secretary-Treasurer, T. P. Brown; 
Recording Secretary, C. H. Baker. Attendance 15. 


December 15, 1921. Subject: ‘Essential Qualifications for 
Engineering Suecess.’’ Speaker: Mr. C. R. Dooley, Manager 
of Personnel and Training, of the Standard Oil Company of 
New Jersey. Attendance 69. : 

January 11, 1922. The General Electrie Company’s 3-reel 
motion picture ‘‘King of the Rails’ was exhibited. Attendance 
74, 


Swarthmore College.—November 4, 1921. Subject: ‘‘The 


Superpower System.’’ Speaker: Mr. Arthur Stiles. Attend- 
ance 14. 

December 16, 1921. Subject: ‘Automobile Ignition.” 
Speaker: Mr. J. C. Fretz. Attendance 15. 

Virginia Military Institute.-—November 10, 1921. Lecture 


by Mr. J. M.S. Waring, of L. L. Summers & Company, Chicago. 


December 2, 1921. Joint meeting of all engineering societies. 
Subject: “Bridges, Ancient and Modern.” Speaker: Professor 
Charles M. Spofford, of Massachusetts Institute of Technology. 
Attendance 234. 


December 17, 1921. Subjects: ‘History and Development 
of the Steam Engine,” by Mr. W. V. O’Brien; ‘‘The Induction 
Motor,” by Mr. H. M. Cannally. Attendance 34. 


West Virginia University.x—December 19, 1921. Sub- 
jects: “The New Three-Electrode Vacuum Tube,’ by R. D. 
Brown; ‘Storage Batteries,’’ by C. R. Lowe; ‘‘Frequencies,”’ 
by R. H. Mendelsohn; ‘‘Light Meters,” by C.,M. Hill; ‘The 
Licensing of Engineers in West Virginia,’ by G. A. Moffett; 
“Lighting Metal-Working Plants to Inerease Production,” 
by J. R. Richards. Attendance 19. 


January 9, 1922. Subjects: ‘‘An Improved Bearing Alloy,” 
by Gifford Nease; ‘Drying Out High-Voltage Transformers,”’ 
by A. T. Richards; ‘Vacuum Lamps Compared with Gas- 
Filled Lamps,” by L. T. Faulkner; ‘Insulation for Steel Mill 
Motors,” by I. O. Myers; ‘Industrial Heating by Electricity,” 
by C. Snyder. Attendance 23. 


University of Wisconsin.—November 30, 1921. Annual 
initiation. After being shown how it is possible to stand 2330 
volts without the quiver of a muscle or the twinkle of an eye, 
the initiatees proceeded to test the Kinetic Energy Equation. 
This was followed by a study in ‘“‘he that will not work, shall 
not eat.” 


December 7, 1921. Discussion of the Electrical Show to be 
held in the near future. Attendance 46. 
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POSITIONS OPEN 


TRANSMISSION LINE SUPERINTEN- 
DENT. Applicant must be conversant with prac- 
tise in transmission lines 100,000-volt, three- 
phase, 50-cycle. He must be capable of taking 
entire charge of transmission system of approxi- 
mately 400 miles of lines, must be familiar with 
both construction and operating work, and must 
be capable of handling native help. Reply 
stating age, experience, training and salary de- 
sired. Location India. X-1292. 

ELECTRICAL AND MECHANICAL Con- 
structing Engineering Company, with established 
reputation for reliability acquired through many 
years of successful business experience, desires man 
to help in estimating and following up progress 
of jobs. Preference will be given to technical 
graduate who has had successful experience in 
electrical contracting business. Must be able 
to give good reference from former employers. 
Position should be permanent and lead to rapid 
advancement for man who can make good. Lo- 
cation, New Jersey. V-30. 

RESEARCH ASSISTANTS with physics and 
electrical engineering education. Recent gradu- 
ates. Two or three men. Location East Pitts- 
burgh. Application by letter. V-33. 

ELECTRICAL ENGINEER for remote con- 
trol and substation design. Must be thoroughly 
familiar with use of relays. Must be electrical 
engineering graduate, under 45 years of age. Full 
details of education, experience, salary and time 
available should be given in first letter. Location 
Pa. V-43. 

DRAFTSMAN for checking electrical drawings, 
wiring diagrams, etc. Must be electrical engi- 
neering graduate, under 45 years of age. Full 
details of education, experience, salary and time 
available should be given in first letter. Location, 
Pa. V-44. 

ELECTRICAL ENGINEER, technical grad- 
uate, desired by large light and power utility in 
Southwest for design and estimate work in En- 
gineering Department on steam electric generating 
station, motor-generator substation, 12-kv. .and 
60-ky. transmission line and transformer sub- 
station and underground 4000-volt distribution 
system installations. Position is permanent and 
opportunities for advancement are excellent. 
Salary to start depends upon education and pre- 
vious experience. In answering, applicants must 
give in first letter, full details of education, ex- 
perience and employers’ references, or applications 
Will not be considered. V-45. 

YOUNG ELECTRICAL ENGINEERS, (one 
or two) with technical training and both sales and 
factory experience. Must be able to make design 
layouts showing application of bearings to electric 
motors. Much prefer an unmarried man as 


work will require considerable traveling. 
tion, Ohio. V-47 

ELECTRICAL INSPECTORS desired by 
large central stations near New York City. Must 
be experienced in design and construction of a-c. 
overhead distribution systems and capable of 
preparing plans for extensions of commercial 
and street lighting circuits. Give complete 
information including present salary and salary 
desired. X-1531. 

SALES ENGINEER to sell handy trucks, a 
device for removing ash barrels. ‘Territory 
northern N. J. (Morristown, Montclair, Pater- 
son, Passaic, etc.) Commission basis. V-82. 

ASSISTANT TO CHIEF ENGINEER OF 
large electric light and power company located in 
the middle west. Must be technical graduate 
with at least five years experience in engineer- 
ing or distribution department of modern utility. 
Must have good sound business judgment, some 
knowledge of construction accounting, estimating 
and constructing overhead and underground dis- 
tribution, etc. Excellent opportunity for young 
man with ambition. V-72. 

ENGINEER on publicity and relating matters 
wanted by manufacturer of electrical apparatus. 
Graduate electrical engineer with experience in 
manufacturing engineering or selling rather than 


Loca- 


strictly publicity work. An opportunity for an - 


electrical engineer who has found his work un- 
congenial, to try himself in the publicity field. 
V-135. 

ELECTRICAL ENGINEER with technical 
education capable of taking complete charge of 
electrical equipment in plant having installed 
approximately 10,000 horse power d-c. and a-c. 
motors and generator service. Should have had 
practical experience in operation of large indus- 
trial plant using modern electric equipment. 
State salary expected. V-136. 


MEN AVAILABLE 


ELECTRICAL ENGINEER desires position 
in electrical engineering; design, or construction 
work; or general plant engineering. Reasonable 
offer considered, but wages commensurate with 
responsibility. H-3153. 

ELECTRICAL ENGINEER expert on high- 
voltage and distribution problems, with wide 
experience in the design of high-voltage apparatus 
available for service in this country or abroad. 
Competent to take responsible charge of im- 
portant work. Age 29. Member A. I. E. E. 
E-3154. 

ELECTRICAL ENGINEER technical edu- 
cation, Assoc. A. I. E. E. Former Engineering 
Officer U. 8. Navy. Wide experience with manu- 
facture, installation and maintenance of d-c. 
equipment and storage batteries, also experi- 
ence with automotive electrical work, railway 


car lighting and factory maintenance with a-c 
equipment. Age33. Married. Locatedin Kan 
sas. H-3155. 


ELECTRICAL ENGINEER technical gradu- 
ate in electrical engineering 1917. Employed 
General Electric Company engineering depart- 
ments to date. Schenectady tests, and intensive 
training. Past supervisor turbine and electrical 
construction. Mechanical experience. Position 
desired capitalizing training. Available at once. 
H-3156. 

A HIGHLY SUCCESSFUL DESIGNER of 
telephone transmission apparatus desires a posi- 
tion with a company that is interested in develop- 
ing refined equipment for wireless broadcasting 
and receiving. Has had a broad experience in 
the transmission of music, in phonograph record- 
ing and reproducing electrically and with wireless 
amplifying circuits. E-3157. 

EXECUTIVE graduate electrical engineer with 
three years business and office experience, one 
year sales, seven years engineering and executive 
experience available immediately. Employed at 
present. Formerly an executive engineer in Bell 
telephone system. Desires change early in 1922. 
Qualifications, references, etc., considerably above 
average. Prefer Cleveland or other Ohio location. 
E-3158. 

INDUSTRIAL HEATING ENGINEER Assoc. 
A. I. E. E. Age 29, technical graduate, 1914. 
Desires position with central station company or 
manufacturer in sales engineering work on electric 
heating in industrial processes. Thoroughly fa- 
miliar with heating field in all temperature ranges 
and experienced in electrical sales, purchasin.g 
construction, operating and preferred stock work, 
E-3159. 

MECHANICAL AND POWER ENGINEER 
technical graduate, B. S. and M. E., age 30, 
eight years broad experience, machine shop, 
metallurgy, sugar engineering, industrial and 
power plant practise, operation, design, layout, 
calculations, heating, distribution of steam, water, 
etc., investigation, reports. Executive and busi- 
ness ability. E-3160. 

ENGINEER with 25 years experience in de- 
signing, constructing and managing hydroelectric 
and allied properties is available for employment 
in foreign countries. E-3161. 

ELECTRICAL ENGINEER. Age 30, mar- 
ried, I. C. S. graduate, Assoc. A. I. E. E., desires a 
responsible position with power company in 
North Central or Western States. Two years 
experience on construction and maintenance work, 
three years central station operation, three years 
hydroelectric station operation and maintenance, 
Best of references. One month notice. Salary, 
$3000. E-3162. 

ERECTING ENGINEER. Desires position 
as assistant manager, or superintendent, in public 
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utilities, or industrial plant“\ Has had seven 
years apprenticeship electrical engineering with 
technical training. Seven years as erecting en- 
gineer, with foreign experience, and previous 
‘shop work with large manufacturing company. 
Age 30, married. Assoc. A. I. E. E. E-3163. 
TRY this Advertiser for RESULTS; now em- 
ployed, desires change (Southern District pre- 
ferred). Ten years broad general, active experi- 
ence with steam railroad electric practise, not 
including seven years apprenticeship, fully equip- 
ped to take charge, shops, construction, power 
system and industrial plant equipments, also 
experienced in marine electric installations. Have 
learned how to make best use of material and men 
available under difficult conditions and keep 
things running. Have the acquisition of self- 
control and self-discipline, will consider other po- 
sition than railroad. H-3164. \ 
ELECTRICAL ENGINEER age 34, Member 
A. I. E. E. with initiative ability, fourteen years 
of varied electrical experience with large paper 
mills in the United States, Canada and New- 
foundland. Just completed installation of elec- 
trical equipment in large pulp and paper mill. 
Services available immediately. E-3165. 


BUSINESS OPPORTUNITIES IN INDIA. 
A chief electrical engineer who is an Associate 
of A. I. E. E. desires to form connections with 
American manufacturers to introduce their goods 
in India. Has good connections, references and 
canvassing abilities. Automobile, electric goods, 
and other small job machines are particularly re- 
quired. Terms by correspondence. H-3166. 


FACTORY EXECUTIVE and INDUSTRIAL 
ENGINEER, age 41, with practical and technical 
training, broad experience in production work, 
in investigation, planning, routing, cost work, etc., 
wishes suitable position with manufacturing 
concern. E-3167. 


GRADUATE ELECTRICAL ENGINEER, 
age 32, desires position with railway or light and 
power company on operation or construction. 
Five years experience in various positions with an 
electric elevator company and six years experi- 
ence in operation and construction of power plant 
and substation machinery and overhead and under- 
ground lines. At present with interurban rail- 
way company with high-tension power lines. 
H-3168. 

TECHNICAL GRADUATE. Eight years ex- 
perience in electric transmission and distribution 
desires position as assistant to managing execu- 
tive or as power and commercial engineer with 
public utility company, preferably located in the 
East. E-3169. 


ELECTRICAL ENGINEER technical gradu- 
ate, open for position. Fifteen years experience 
in electrical railway and power plant work. Can 
take charge of operation or construction work. 
Familiar with all the operating, maintenance and 
construction work in the above fields, including 
high-tension lines. Experienced in laying out 
work and estimating costs. E-3170. 

ELECTRICAL ENGINEER. Associate A. I. 
EH. E. Age 31 with 12 years experience in engi- 
neering and construction, covering the respon- 
sibility of supervising estimating, and laying out 
work. Desires position affording opportunity in 
this field. E-3171. 

INDUSTRIAL ELECTRICAL ENGINEER, 
age 38, with 15 years experience in the design 
installation and maintenance of electrical equip- 
ment in large industrial and mining works. 
Broad experience in industrial power distribution, 
motor application and industrial transportation 
including electric cranes, trucks and locomotives. 
Desires position in above lines, or would consider 


taking interest in electrical repair business. 
H-3172. 
SUPERINTENDENT, 12 years experience, 


line, industrial, and power plant construction and 
maintenance, transmission distribution and cen- 
tral station engineering. Low and high-tension 
work up to 50,000 volts, can handle men, know 
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office systems and costs. At present electrical 
engineer for large pulp and paper company. Mar- 
ried, age 30. . Available 30 days notice. E-3173. 

ELECTRICAL ENGINEER M. I. T. 1915. 
Experience: 4 years central station maintenance 
and operation in city of 100,000; one year large 
central station, design and purchase of materials; 
one year rate work for company owning 12 gas and 
electric properties. At present electric distri- 
bution engineer in rapidly growing territory. De- 
sires permanent position with advancement as- 
sured. Available on reasonable notice, salary, 
$4500. H-3174. 

EXECUTIVE ELECTRICAL and MECHAN- 
ICAL ENGINEER, 18 years broad experience in 
development, manufacture and sale of switch- 
boards, panelboards and control devices. Salary 
$3500. Available on short notice. E-3175. 

GOING ABROAD—ELECTRICAL ENGI- 
NEER with 12 years sales and executive experi- 
ence expects to go to Europe in June for indefi- 
nite stay probably 2 or 3 years. May later go 
to India, Australia and the Far East. Speaks 
French, learning Italian. Wishes to represent 
2 or 3 electrical companies to establish European 
agencies or branches or to act as direct represen- 
tative or make special investigations. E-3176. 

ENGINEER, single, age 27, technical training, 
11 years electrical experience with construction 
companies, chiefly substations and power houses 
of high and low-tension voltages, supervising and 
under supervision, willing to render any kind of 
services at'any place required; familiar with safety 
control wiring. Assoc. A.I. E. E. E-3177. 


ELECTRICAL-MECHANICAL INDUS- 
TRIAL and DESIGNING ENGINEER age 42; 
university graduate; able executive. Fifteen 
years’ shop, office and field experience, in esti- 
mating, appraisal, engineering economics, de- 
sign construction and equipment of power plants, 
substations, and factories. Salary in proportion 
to responsibilities. E-3178. 

TECHNICAL GRADUATE with seven years 
experience as a radio electrician and laboratorian 
at Navy Yard, Boston, and two years of general 
laboratory work in the Standardizing Laboratory 
of the General Electric Company at Lynn, Mass., 
desires a change of position. Willgo any where 
in world if the inducements are high enough. 
H-3179. 

ELECTRICAL INSTRUMENT MAKER 
Associate A. I. E. E. Age 36. Six years re- 
building and calibrating electrical and mechanical 
instrument. Have handled foreign and all makes 
of American instruments. Am particularly in- 


’ terested in radio instruments including thermo- 


couples; hot-wire current-squared. Thermo gal- 
vanometers and ammeters. Hopkins tachometers 
and Hoskins pyrometers. Available short notice. 
H-3180. 


TECHNICAL GRADUATE age 31, ten years 
experience including drafting, testing inspection, 
telephone switchboard installation and engineer- 
ing. General knowledge of cost accounting. 
Present salary $2000. Desires position with 
small electrical manufacturing concern in vicinity 
of New York City. E-3181. 

ELECTRICAL ENGINEER technical grad- 
uate; age 32, single, Associate A. I. E. E. Execu- 
tive experience, seven years in electric utility 
field, including operation of high-tension trans- 
mission systems. Desires position with electric 
utility. E-3182. 

SALES ENGINEER EXECUTIVE desires to 
represent in New York one or several high grade 
non-interfering manufacturing accounts cover- 
ing electrical and mechanical equipment and ap- 
pliances. Have wide acquaintance among buyers 
in this territory. E-3183. 

EXECUTIVE ENGINEER electrical graduate, 
15 years broad experience with large power and 
construction companies in office and field super- 
vision, design, construction, operation and main- 
tenance of power plants, substations, electric 
railways, transmission lines and distributing sys- 
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tems. Knowledge of Spanish. At present in 
charge of an appraisal which will soon be com- 
pleted. H-3184. 

GRADUATE ELECTRICAL ENGINEER 
Massachusetts Institute Technology, five years 
supervision engineering practise, two years execu- 
tive work overseas, present manager small elec- 
trical manufacturing company, desires change for 
broader field of activity; manufacturing or indus- 
trial development; initiative, perseverance, coupled 
with training and character, developing a person 
YOU can depend upon; age 32, married; present 
salary rate $3,000; available on reasonable notice. 
E-3185. 

ELECTRICAL ENGINEER, age 36, married, 
desires position as manager or superintendent of 
construction and operation with a public utility 
company or manufacturing company. Has 15 
years experience in the design and construction 
of power plants. Capable of promoting research 
work. Salary $3600 yearly. Available at once. 
E-3186. 

RECENT GRADUATE ELECTRICAL ENGI- 
NEER. University of Michigan. Age27. Two 
years practical experience with steam railroad. 
Position wanted with some well established elec- 
trical concern. Location U. S. Available im- 
mediately. E-3187. 


YOUNG MAN. Age 26, single, desires posi- 
tion with advancement. E. E. training. At 
present, and for 6 years employed by public 
utility, also 3 years experience in auditing de- 
partment of Steamship Company, A-1 references. 
Would prefer position as assistant to executive. 
Will consider other opportunities. Available at 
once. E-3188. . 


GENERAL MANAGER. Over twenty years 
experience in construction, operation, manage- 
ment Public Utilities. General manager large 
Railway, Gas and Power company prior to war. 
Know business from the coal pile to the public. 
Successful executive, energetic and tactful. Age 
47, married, American, several years experience 
abroad, speaks Spanish. Availablenow. E-3189. 


ELECTRICAL ENGINEER. Technical gradu- 
ate, married. General Electric Test. Cottrell 
electrical precipitation work, steel and concrete 
construction. Experience in chemical plants, oil 
refineries and lamp-black manufacture. Desires 
position as plant engineer. Can handle men. 
E-3190. 


MECHANICAL AND ELECTRICAL ENGI- 
NEER desires position wherea thorough knowledge 
of boilers, engines, pumps, dynamos, elevators, 
gas engines, turbines, and condensers is required. 
Location anywhere salary $6000. 20 years ex- 
perience. E-3191. 

GRADUATE ELECTRICAL ENGINEER 
desires position as sales or application engineer 
or with consulting engineer. Age 28, married. 
Two years sale of electrical supplies, power appa- 
ratus and pole line material, and layout of plants. 
Westinghouse Technical courses. Now employed. 
Best of references and records. E-3192. 


ELECTRICAL DESIGNER long experience 
in high and low-tension underground conduit and 
cable systems. Designs, specifications and esti- 
mates. E-3193. 


MECHANICAL ENGINEER. General engi- 
neering experience, civil, electrical, mechanical. 
Ex. Lt. U. 8. Engineers. Pile driving, caisson 
foundation, excavations, surveying, earthwork, 
railroad construction, power house installations, 
boilers, pumps, engines, generator, switchboards. 
Good excutive, American college graduate. Age 
26. Single. H-3194. 

ELECTRICAL ENGINEER, Graduate Mass. 
Inst. Technology. Member A.I. E. E. Experi- 
ence chief draftsman, 3 years construction and in- 
stallation electric plants, high-tension lines and 
apparatus, 1 year foreign experience steam electric 
power-plant and inspection. Good knowledge of 
French and Spanish. Initiative and executive 
ability. Available on short notice. Age 36. 
Excellent references. E-3195. 
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YOUNG ELECTRICAL ENGINEER i 
sirous of making a connection with a radio con- 
cern selling, installing or lecturing. At present 
employed as an engineer for a large manufac- 
turing concern during the day and as aninstructor Cl 


Would be willing to invest a small ‘amount in 
the case of business offer. E-3196. 


ELECTRICAL ENGINEER, B. 8. degree. 
ass of 1921. Student member A. I. E. B, and 


ws 
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ASSOCIATES ELECTED JANUARY 13, 1922 ORISPELL, KENNETH GUY, Assistant 

ALLEN, HARRY, Assistant Chief Electrician, Engineering Dept., American Tel. & Tel. Co., 
Dodge Brothers, Detroit, Mich. 195 Broadway, New York, N.Y. 

APPLEGATE, LINDSAY MORTIZ, 801 Han- DAHL, OTTO GUSTAV C., Research Assistant, 
cock St., Portland Ore. Electrical Engineering Dept., Mass. Insti- 

ARDIFF, ROBERT JAMES, Engineering Dept., tute of Technology; res., 371 Harvard St., 
Indiana Bell Telephone Company, Indian- Cambridge, Mass. 
apolis, Ind. DAVIDSON, OTTO CONRAD, JR., North 

BAKER, CHARLES LEROY, Chief Electri- Carpenter Avenue, Iron Mountain, Mich, 
cian, Fairmont Creamery Company, Green DE LAND, DONALD WILLARD, Electrical 
Bay, Wis. Division, Board of Education, Municipal 

BALL, CLARENCE EUGENE, Transmission Bldg., New York; res., 141 25th St., Elm- 
Engineer, The Home Tel. & Tel. Co., Spokane, hurst, N. Y. 

Wash. DEVENDORF, NORMAN LE ROY, Member of 

BASSETT, CLARK LODGE, Electrical En- Instruction Dept., Consumers Power Co.; 
gineer, The Detroit Edison Company, 2000 res., 1106 Fourth St., Jackson, Mich. 

,2nd Ave., Detroit, Mich. @HARCOURT, J., Engineer, French Thomson- 

BEALEY, WALTER DeV. Fieldman, The Pa- Houston Co.; International General Electric 
cific Tel. & Tel. Company, 410 Artisans Bldg., Company, Schenectady, N. Y. 

Portland, Ore. DMYTROW, NESTOR, JR., Manager, New 

BELLAMY, JOHN T. S., Telephone Engineer, York Office, Bailey Meter Company, 50 
Automatic Electric Company, 947 W. Van Church St., New York, N. Y.; res., 507 Elm 
Buren St., Chicago, Il. St., Cranford, N. J. 

BLACKWELL, WILLIAM THOMAS, Illu- DODSON, RALPH E., Consulting Engineer, 
minating Engineer, Westinghouse Lamp Co., Louis A. Roberg & Company, 802 St. Paul 
165 Broadway, New York, N. Y. Bldg., Cincinnati, Ohio; res., 47 Linden St., 

BLISS, WILLIAM JAMES, Assistant to Super- Ludlow, Ky. 
intendent of Distribution, Ohio Power Co., EDWARDS HAROLD SEWELL, Meter Man, 
Steubenville, Ohio. Kentucky Utilities Company, Harlan, Ky. 

BROWN, JOHN J., Electrical Engineer, Westing- ENRIQUEZ, ALFONSO, Electrical Engineer & 
house Electric & Mfg. Co.; res., 5331 An- Contractor; 657 Dart St., Paco, Manila, P. I. 
gora Terrace, Philadelphia, Pa. ESTEVE, CARLOS ALBERTO, The Woodard 

BRUNO, WILLIAM ATTILIO, Electrical En- Machine Co., Wooster, Ohio. 
gineer, KleniSchmidt Electric Company, 36 FELDMAN, JACOB G., Allied Electric Co., 
Flatbush Ave. Extension, Brooklyn; res., 300 Inc., Grand Central Terminal, New York, 
W. 17th St., New York, N. Y. N. Y. 

BURGESS, BERT I., Testing Electrical Machin- FERGUSON, FRANK UL., President, The 
ery, Canadian General Electric Co., Ltd.; Hessel & Hoppen Co., 36 Crown St., New 
res., 333 Reid St., Peterboro, Ont., Canada. Haven, Conn. 

BUTLER, WILLIAM CAMP, Chief Engineer, FIRKET, GUILLAUME C., Graduate Student, 
Chilian Electric Tramway & Light Co., Ltd., Cornell University; res., 110 Highland Place, 
Casilla 1557, Santiago, Chile, S. A. Ithaca, N. Y. 

CANNING, DOW VERNON, Testing Dept., FLYNN, JOHN P., Draftsman, Toronto Hydro- 
Canadian General Electric Co.; res., 513 Gil- Electric System, 226 Yonge St.; res., 158 
mour St:, Peterboro, Ont., Canada. First Ave., Toronto, Ont., Canada. 

CANTRELL, WILLIS R., 1120 Prospect Ave., FOSTER, EDGAR WOLCOTT, Electrical Tester, 
Plainfield, N. J. Brooklyn Rapid Transit Co., 500 Kent Ave., 

CARD, READ H., Equipment Attendant, area N.Y.;res., 161 Ridge Road, Ruther- 

i ., 142 rt Bldg., ford N. J. 

A a ee C. pe FOSTER, JAMES CLARK, Designing ratte 
CARMEAN, JAMES HENRY, Operating Dept., man & Electrical Engineer, 422 49th St., 
Kansas City Power & Light Company; res., Brooklyn, N. Y. 

1613 E. 9th, Kansas City Mo. GIBBONS, EDWARD JAMES, Sales Dept.' 

CASEY, HARRY JOSEPH, Distribution En- General Electric Company, Oliver Bldg., 
gineer, United Railways & Electric Company, Pittsburgh, Pa. 

Baltimore, Md. GLATZEL, EARLE DEWEY, Electrical En- 

CHEWNING, VORIS ORVILLE, Superinten- gineering Dept., (Radio), Detroit Edison 
dent of Substations, Illinois Traction System ; Company; res., 614 W. Philadelphia, De- 
res., 427 S. 7th St., Springfield, I. troit, Mich. ts 

COLEMAN, GEORGE BYRON, Electrical En- GRIER, LOUIS NORMAN, Electrical Te 
gineer & Inventor, Majik Electric Appliance neer, The United States Zain COumpany 
Co.: res., 698 Bush St., San Francisco, Cal, res., 1311 Orchard Ave., New Henslngton, Pa. 

CONNELY, C. B., Engineer, Power & Mining GROFF, WILLIAM HLS MORAN eae. 
Engineering Dept., General Electric Com- W. E. Groff Feeeone ae 30. aston 
pany, Schenectady; res., 5 Sunnyside Road, National Bank Bldg., aie a. 

Scotia, N. Y. HAGY, BURTIS EDWIN, Design Calculator, 
COOK, GEORGE CHURCHILL, Vice-Presi- Philadelphia Electric ‘Company ; res., 3906 
dent &* Manager, Tidewater Crossarm & Spruce St., Philadelphia, Pa. ‘ 

Conduit Co., 1885 Canal St., Tacoma, Wash. HAIG, JOHN McDONALD, Assistant Super- 

ORESSMAN, EDWARD WALTER, Electrical intendent, spe ey ies naa 
Draftsman, Puget Sound Power & Light Com- Transformer C85 res., 18 Robloc es 
pany, 605 Electric Bldg., Seattle, Wash. Toronto, Ont., Canada. 
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A. A. E. Nine months experience installing and 
maintaining work in central station power plant. 
Commercial course, also German and Spanish in 
high school. Age 22,single. Location immaterial 
Foreign service considered. B-3197. 


SSI 


MUTT 


HAINES, ARTHUR J. D., Electrical Enginee? 
951 Hamilton St., Allentown, Pa. 

HALL, ERNEST, Workshop Foreman, South 
African General Electric Co., Ltd., Cape- 
town, South Africa. 

HEARN, GEORGE K., Inspector, Westinghouse 
E. &. M. Co.; United Electric Light & Power 
Company, 134th St., New York; res., 105 
Herkimer St., Brooklyn, N. Y. 

HERR, ROBERT FRANTZ, Research Dept., 
Philadelphia Storage Battery Company, 
Ontario & “‘C”’ Sts., Philadelphia, Pa. 

HIGGS, WALTER FRANK, Founder & Senior’ 
Partner, Higgs Bros., Sand Pits, Birmingham, 
England. 

HOCKETT, WILLIAM JOSEPH, Director, 
Industrial Service, General Electric Company; 
res., 2536 Maple Place, Ft. Wayne, Ind. 

HOLTERS, JOSEPH W., Sales Dept., Allis- 
Chalmers Mfg. Company, Norwood, Ohio; 
res., 1810 Greenup St., Covington, Ky. 

HORINE, ERNEST ENGLAND, Electrical En- 
gineer, National Carbon Company, Inc., 
Cleveland, Ohio. 

HURD, HAROLD R., Equipment Man, Dept. 
of Electrical Engineering, University of 
Minnesota, Minneapolis, Minn. 

ISAWA, TATSUO, International General Elec- 
tric Company, Schenectady, N. Y. 

JEFFREY, ARTHUR E., Electrician, Lord Elec- 
tric Company, 9 Cudworth St., Medford, 
Mass. 

JOHNSTON, JOHN FLYNN, Long Lines Plant 
Dept., American Tel. & Tel. Co., Selma, N.C. 

JOHNSON, LOUIS B., Engineer on Foreign 
Wire Relations, Indiana Bell Telephone 
Company; res., 417 E. 50th St., Indianapolis, 
Ind. 

KEENAN, EDWIN C., General Superin- 
tendent, Telegraph, N. Y. C. R. R., 486 
Lexington Ave., New York, N. Y. 

KELLY, JAMES H., Salesman, Western Electric 
Co., Inc., 762 Commerce St., Tacoma, Wash. 

KEMNA, ROD HERMAN, Station Operator, 
Butte Electric Railway Company; res., 724 
S. Main St., Butte, Mont. 

KENNEDY, GORDON THOMAS, Telephone 
Engineer, Western Electric Company; res., 
4053 Kenmore Ave., Chicago, Il. 

KERN, CHARLES L., Electrical Operator, 
Kansas City Power & Light Company; res., 
2325 Montgall ave., Kansas City, Mo. 

KING, HORACE WALDORF, Inspector, Under- 
writers’ Laboratory, 25 City Hall Place, 
New York; res., 61 Cook Ave., Meriden, Conn. 

KIRLIN, GEORGE, Manager, Eastern District, 
Standard Underground Cable Company, of 
Canada, Ltd., 702 McGill Bldg., Montreal, 
ikl O)s 

KRETSCHMAR, GEORGE GUSTAV, Pro- 
fessor of Physics, Walla Walla College, 
College Place, Wash. 

LANGE, HAROLD THEODORE, Assistant Engi- 
neer, Madison County Light & Power Com- 
pany; res., 3605 McDonald Ave., St. Louis, 
Mo. 

LANIGAN, LEO PAUL, Testing 
Electric Company; res., 231 
Schenectady, N. Y. 

LAUTERBACH, FREDERICK 
86th St., Woodhaven, N. Y. 


Dept., General 
Seward Place, 


JOHN, 8934 
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LEE, FREDERICK W., Instructor in Electrical 
Engineering, Johns Hopkins University, 
Baltimore; res., Owings Mills, Md. 

LEWIS, ARCHIE L., Operator, North Pacific 
Public Service Company, Power House, Fort 
Highland Ave., Bremerton, Wash. 

LINCOLN, ALDEN A., Special Assistant, The 
Connecticut Company, 129 Church St., New 
Haven, Conn. 

LINDSAY, RUSSELL HESS, Instructor in 
Electrical Engineering, University of Colo- 
rado; res., Acacia House, 1129 13th St., 
Boulder, Colo. 

LOGAN, MAXWELL BELLEW, Draughtsman, 
Hydroelectric Power Commission of Ontario, 
190 University Ave., Toronto, Ont., Canada. 

’ LOOSE, WILLIAM HENRY, Technical Clerk, 
Toronto Hydro-Electric System, 226 Yonge 
St., Toronto; res., Weston, Ont., Canada. 

LYON. GORDON MAXWELL, Tester, Cana- 
dian General Electric Co. 185 King St., Peter- 
boro, Ont., Canada. 

MACAULBY, JAMES EDWARD, General Fore- 
man, Underground Dept., Hartford Electric 
Light Co. 266 Pearl St., Hartford, Conn. 

MANSELL, WALTER HENRY, Chief Elec- 
trician, W. F. Schrafft & Sons Corporation, 
160 Washington St. N., Boston; res., 5 Park 
St., Medford, Mass. 

MAZZARELLA, FRANK, Inspector, Brooklyn 
Edison Co.; 569 Fulton St., res., 20 High- 
lawn Ave., Brooklyn, N. Y. 

McALPINE, DUNCAN C., Construction Fore- 
man, Anaconda Copper Mining Co., Butte, 
Mont. 

McFARLAND, THOMAS CLAIR, Instructor in 
Electrical Engineering, University of Cali- 
fornia; res., 1508 Arch St., Berkeley, Cal. 

McHUGH, JOHN ANTHONY, Assistant Engi- 
neer, The New York Edison Company, Irv- 
ing Place & 15th St., New York, N. Y. 

McKAY, RICHARD, Engineering Dept., Wash- 
ington Water Power Company; res., 1017 
W. Maxwell, Spokane, Wash. 

McKENDRICK, RAY HUSTED, Electrician, 
Motor Repair Dept., New Haven Electric 
Company, New Haven; res., 46 Center St., 
West Haven, Conn. 

MERTZ, RALPH H., Electrical Engineering 
Dept., Detroit Edison Company; res., 9353 
Stoepel Ave., Detroit Mich. 

MINER, ELLSWORTH FROST, General Su- 
perintendent & Director, Litchfield Electric 
Light & Power Co., Litchfield, Conn. 

MORRIS, GLEN S., Engineering Dept., Kansas 
City Power & Light Company; res., 3014 E. 
37th St., Kansas City, Mo. 

MOULTON,. THOMAS T., Electrical Engineer, 
Pacific Fruit Express Company, 65 Market 
St., San Francisco, Cal. 

MUNRO, DAVID L., Draftsman, Hydro-Elec- 
tric Power Commission of Ontario, 190 Uni- 
versity Ave., Toronto, Ont., Canada. 

NICHOLS, REED J., Radio Telephone & Tele- 
graph Operator, Ford Motor Company, 
Northville; res., 2981 Manistique Ave., 
Detroit, Mich. 

O’CONNOR, JOHNSON, Assistant Engineer, 
Meter & Instrument Dept., General Electric 
Co., Lynn, Mass. 

OLDREY, KENNETH FRANCIS, Student, Y. 
M. C. A.; res., 3123 Liberty Street, Erie, 
Pa. 


OSGYANI, GASTON LOUIS, Equipment At- 
tendant, American Tel. & Tel. Company; 
423 W. 21st. St., New York, N. Y. 

PARVIN, EDWARD GARFIELD, Electrical 
Engineer, Zobell Electric Motor Corporation, 
Garwood; res., 402 E. 2nd Ave., Roselle, N. J. 

PEARCE, THOMAS CARROLL, Chief Opera- 
tor, Potomac Electric Power Co.. Washington, 
DEC: 

PENNEY, LESTER TUTHILL, Wire Chief's 
Supervisor, Nassau County, New York Tele- 


phone Co., 256 Franklin St., Hempstead, 
IN 4 
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POLLOCK, ROBERT BODE, Engineering 


Department, Southern Oalifornia Edison 
Company; res., 6629 Makee Ave., Los 
Angeles, Calif. 


POPE, MARK COOPER JR., Sales Engineer, 
The Electric Storage Battery Company, 1823 
L St., N. W., Washington, D. C. 

ROBERTS EDWIN WALTER, Electrical Drafts,- 
man, U. G. I. Contracting Co., 1401 Arch 
St.; Philadelphia, Pa.; res., Haddonfield, N. J. 

ROCHE, GEORGE JOSEPH, Post Graduate 
Student in Electrical Engineering, Lehigh 
University; res., 438 Martel St., Bethlehem, 
Pa. 

ROUDEBUSH, GEORGE H., JR., Telephone 
Engineer, The Ohio Bell Telephone Co., 4300 
Euclid Ave., Cleveland, Ohio. ‘ 

RULE, THOMAS WALTER, Engineering Dept., 
Southwestern Bell Telephone Company, 500 
Central National Bank Bldg., Topeka, Kans. 

RUTHERFORD, BURTON GLADSTONE, 
Testing Dept., Canadian General Electric 
Co.; res., 265 Reid St., Peterboro, Ont., Can. 

SCHMELZ, FREDERICK CHARLES, In- 
structor, Oass Technical High School; res., 
5699 Seminole Ave., Detroit, Mich. 

SHERBINE, HARRY M., Chief Electrician, 
Hudson Motor Car Company; res., 518 Con- 
tinental Ave., Detroit, Mich. 

SILING, PHILIP FRANCIS, Telephone En- 
gineer, Engineering Dept., American Tel. & 
Tel. Co., 195 Broadway New York, N. Y. 

SIMONS, DONALD MacLAREN, Standard 
Underground Cable Company, 604 Westing- 
house Bldg., E. Pittsburgh, Pa. 

SINGER, EMANUEL, 504 West 171st St., New 
York, N. Y. 

SLANE, AMBROSE F., Electrical Tester, Brook- 
lyn Edison Company Inc.; res., 249 Lincoln 
Ave., Brooklyn, N. Y. 

SLOAN, JOHN HAMILTON, Electrical Drafts- 
man, Hydro-Electric Power Commission of 
Ontario; res., 81 Gates Ave., Toronto, Ont., 
Canada. 

SMITH, ERIC D., Power Equipment Engineer, 
Automatic Electric Company; ues., 500 Di- 
versey Blvd., Chicago. Ill. 

SMITH, HARRY H., Superintendent of Power & 
Distribution, The Northern Connecticut 
Light & Power Company, 15 Central St., 

' Thompsonville, Conn. 

SPEER, GEORGE ALEXANDER, Superinten- 
dent, Niagara Plant, Niagara Falls Power 
Company, Niagara Falls, N. Y. 

SPICKARD, LENNEY OLEN, Chief Operator, 
Puget Sound Power & Light Company, 1902 
Commerce St., Tacoma, Wash. 

STELLE, CHRISTOPHER B., Assistant Su- 
perintendent, Indiana & Michigan Electric 
Company, 220 W. Colfax Ave., South Bend, 
Ind. 

STEWART, HENRY GREENWOOD, Supt. of 
Power, Winnipeg Electric Railway Company, 
Winnipeg, Man. 

STOPPS, LEONARD GEORGE, Draftsman, 
Canadian Westinghouse Company, Ltd.; res. 
23 London Ave., Hamilton, Ont., Canada. 

STOVER, WILLIAM BEAVER, Sales Dept., 
Westinghouse Electric & Mfg. Co., Plane & 
Orange Sts., Newark, N. J. 

STREBIG, JOHN I., Chief of Electrical Bureau, 
City of York, 25 South Duke St., York, Pa. 

TAYLOR, JOHN WATSON RAY, Sales Engi- 
neer, Canadian Westinghouse Co., Bank of 
Hamilton Bldg., Toronto, Ont., Canada. 

TOMLIN, AMOS C., Meter Tester, Worcester 
Electric Light Company; res., 82 Paine St., 
Worcester, Mass. 

TOMLINSON, FREDERICK JOHN, Testing 
Dept., Canadian General Electric Co.; «res., 
93 Aylmer St., Peterboro, Ont., Canada. 

TORNER, J. V. H., Manager, Wapsie Power & 
Light Company, 101 E. 1st St., Mt. Vernon, 
Iowa. 

TOWNE, CECIL D., Manager & Director, Milo 
Electric Light & Power Company, West 
Main St., Milo, Maine. 


Journal A. I. HE. E. 


TUCKER, CARLTON EVERETT, Instructor 
in Electrical Engineering, Mass. Institute of 
Technology, Cambridge, 39, Mass. 

TURNQUIST, FRANK ALBERT, Engineer, 
Westinghouse Lamp Company, Bloomfield; 
res., 320 Mt. Prospect Ave., Newark, N. J. 

VALLARTA, MANUEL SANDOVAL, Gradu- 
ate Student, Mass. Institute of Technology, 
Cambridge; res., 1277 Commonwealth Ave., 
Boston, Mass. 

VAN HORN, RICHARD HENRY, Designing En- 
gineer, Construction Engineering JDept., 
General Electric Co.; res., 231 Seward Place, 
Schenectady, N. Y. 5 

VAN TASSEL, ABRAM, Electrical Contractor, 
507 Fifth Ave., New York, N. Y. 

VOGT, OTTO E., Operator of Electrical Ma- 
chinery, Electrical Testing Laboratories, 80th 
St. & East End Ave., New York, N. Y. 

VOLLMER, ROBERT M.., Shift Load Dispatcher, 
Washington Street Station, Utica Gas & 
Electric Co.; res., 1022 Albany Street, Utica, 
NX 

WALKER, GLEN HART, Testing Department, 
General Electric Company; res., 4 Union S8t., 
Schenectady, N. Y. 

WEINBACH, MENDEL P., Associate Professor 
of Electrical Engineering, University of Mis- 
souri; res., 303 Waugh Ave., Columbia, Mo. 

WIEGNER, WILLIAM K., Draftsman, The 
Philadelphia Electric Company; res., 5420 
Osage Ave., Philadelphia, Pa. 

WILD ALBERT EDWARD, Draftsman, To- 
ronto Hydro-Electric System 226 Yonge St.;. 
res., 89 Waverly Road, Toronto, Ont., Canada 

WILSON, GILBERT T., Electric Power & Light 
Dept., Timaru Borough Council, Timaru, 
INGO 

WOODSON, WILLIAM C., Combustion Engi- 
neer, Union Electric Light & Power Co., St. 
Louis; res., 7214 Lindell Blvd., University 
City, Mo. 

WOTIER, ARTHUR A., Electrical Engineer, 
Winchester Repeating Arms Company; res., 
12 Helen St., Highwood, New Haven, Conn. 

WRIGHT, PAUL COCANOUR, Engineer, Ohio 
Bell Telephone Company, 4300 Euclid Ave., 
Cleveland, Ohio. 

YALE, CHARLES M., Superintendent of Dis- 
tribution, The Hartford Electric Light Com- 
pany, 266 Pearl St., Hartford, Conn. 

YAMAMURA, TADAYUKI, Designing Engi- 
neer, Electrical Dept., Kawasaki Dockyard, 
Kobe, Japan. 

YORTON, ALLISON TALMADGE, Distribu- 
tion Engineering Dept., Detroit Edison Com- 
pany, Edison Service Bldg., 2000 Second Ave., 
Detroit Mich. 

Total 144. > 


ASSOCIATES REELECTED JANUARY 13, 
1922 


FREEMAN, RICHARD M., Meter Supervisor, 
Pacific Power & Light Company, Walla Walla, 
Wash. 

PALMER, GUY H., Resident Engineer, Edward 
J. Cheney, New York; Adirondack Power & 
Light Corp., Schenectady, N. Y. 

SQUIRE, WILLIAM JOHN, Consulting Engi- 
neer & Proprietor, Squire Electric Company, 
401 Wyandotte St., Kansas City, Mo. 

YUILL, ALEXANDER CLAUDE ROY, Con- 
sulting Engineer, 626 Pender St. West, Van- 
couver, B. C. 

MEMBERS ELECTED JANUARY 13, 1922 


ATHERTON, ALFRED LEROY, Section Engi- 
neer, Westinghouse Electric & Mfg. Co., BE. 
Pittsburgh, Pa. 

BURKHALTER, RUDOLPH, Division Superin- 
tendent, Southern Division, Public Service 
Company of New Jersey, 225 N. Warren St., 
Trenton, N. J. 

CHITTY, A. M., Superintendent, Puget Sound In- 
ternational Railway & Power Co.; Super- 
intendent, Light & Power, Pacific Northwest 


Traction Co.; res., 1401 Colby Ave., Everett, 
Wash. 
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HAMILTON, BRACE HAYDEN, Manager 
Power Division, Westinghouse Elec, & Mfg. 
Co., 803 Hibbs Bldg., Washington, D, ©, 

KLEINSCHMIDT, EDWARD E., President, 
Kleinschmidt Electric Company, 36 Flat- 
bush Avenue Extension, Brooklyn, N. Y. 

McKEEHAN, LOUIS W ILLIAMS, Research 
Engineer, Western Electric Company, 463 
West St., New York, N. Y. 

PERRINE, JAMES OWEN, Dept. of Develop- 
ment & Research, American Tel. & Tel. Co., 
195 Broadway, New York, N. Y. 

QUIMBY, CLIFTON CLARK, District Plant 
Superintendent, American Tel. & Tel. Com- 
pany, Boston; res., 6 Copeland Terrace, 
Malden, Mass. 

WELLWOOD, ARTHUR RUSSELL, Engineer, 
Murray & Flood, 2041 Grand Central Ter- 
minal Bldg., New York, N. Y. 


TRANSFERRED TO GRADE OF 
FELLOW, JANUARY 13, 1922 


HILL, HALBERT P., Vice-President & General 
Manager, Ophuls, Hill & McCreery Inc., New 
York. 

McCONAHEY, WILLIAM M., Manager, Trans- 
former Engineering Dept., Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 


TRANSFERRED TO GRADE OF MEMBER, 
JANUARY 13, 1922 


BALLARD, FREDERICK W., Senior Member, 
F. W. Ballard & Co., Cleveland, Ohio 

JACOBUS, ROBERT F., Partner, Francisco & 
Jacobus, New York, N. Y. 

KISHLAR, LAMAR M., Electrical Engineer, 
Wagner Electric Mfg. Co., St. Louis, Mo. 
MacNEILL, FRANCIS W., Sales Engineer, 
Canadian General Electric Co. Ltd., Van- 

couver, B. C. 

MOON, FLOYD L., Electrical Engineer, Motor 
Engineering Dept., Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 

SEAMAN, EDWIN H., Chief Engineer, Johnson 
& Higgins, New York, N. Y. 
RECOMMENDED FOR TRANSFER 


The Board of Examiners at its meeting held 
January 9, 1922, recommended the following 
members of the Institute for transfer to the grade 
of membership indicated. Any objection to these 
transfers should be filed at once with the Secre- 
tary. 
: To Grade of Member 
CAMP, WILMER E., Sales Engineer, General 
Electric Co., Sacramento, Calif. 

CRITTENDEN, EUGENE C., Physicist, Acting 
“Chief of Electrical Division, Bureau of Stand- 
ards, Washington, D. C. 

HARVEY, H. G., General Engineer, Westing- 
house Electric & Mfg. Co., East Pittsburgh, 
Pa. 

LASSAFF, B. W., Section Leader, 
Edison Co., New York, N. Y. 

RANKIN, HARRY M., Lighting 
Dept., General Electric Co., 
EN 

SAMPSON, EDGAR R., General Engineer, West- 
inghouse Electric & Mfg. Co., East Pitts- 
burgh, Pa. 

SQUIRE, WILLIAM J., Consulting Engineer, 
Kansas City, Mo. 

TOMPKINS, FREDERICK N., Instructor in 
Electrical Engineering, Brown University, 
Providence, R. I. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Secre- 
tary from the following candidates for election 
to membership in the Institute, the list indicating 
the geographical district and Section in which the 
applicant is at present located. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 


New York 


Engineering 
Schenectady, 


INSTITUTE AND RELATED ACTIVITIES 
i 


election of any of these candidates should so 
inform the Secretary before February 28, 1922. 


Geographical District No. 1. 
Boston Section 
Damoiseau, Edward W., Boston, Mass. 
Fleishmann, Edwin, Cambridge, Mass. 
Hahn, Clifford A., (Member), Boston, Mass. 
Moltedo, Louis P., Boston, Mass. 
Connecticut Section 
Borggrafe, Edward W., Stamford, Conn. 
Hulse, George E., (Member), New Haven, Conn. 
Shepherd, David G., (Member), Stamford, Conn. 
Lynn Section 
George, Bertrand L., Andover, Mass. 
Glines, Roland B., Lawrence, Mass. 
Kirk, Walter B., (Member), E. Lynn, Mass. 
Poole, Herbert H., Portsmouth, N. H. 
Providence Section 
Kelley, Arthur M., New Bedford, Mass. 
Putnam, John P., Providence, R. I. 
Schenectady Section 
Bish, Howard P., Schenectady, N. Y. 
Buchanan, Harold F., Schenectady, N. Y. 
Fosmire, Howard L., Schenectady, N. Y. 
Hunt\, Ozro H., Schenectady, N. Y. 
Judkins, Ernest L., Schenectady, N. Y. 
Leibing, Sidney C., Schenectady, N. Y. 
Page, Harry S., Schenectady, N. Y. 
Reitz, Harold J., Schenectady, N. Y. 
Skolfield, William K., Schenectady, N. Y. 
Sullivan, George L., Schenectady, N. Y. 
Weaver, Albert, Schenectady, N. Y. 
Worcester Section 
Bigelow, Horace H., Worcester, Mass. 
Budlong, Guy V., (Member), Worcester, Mass. 
Coghlin, Peter A., (Member), Worcester, Mass. 
Scott, Lorenzo J., Springfield, Mass. 
Swift, George W., Springfield, Mass. 
; Non-Section Territory 
Otto, Edmund G., Hill, N. H. 
Priest, Conan A., Ellsworth, Maine 
Roberts, Everett L., Bangor, Me. 
Total 32. j 
Geographical District No. 2. 
Baltimore Section 
Hoffecker, Frank S., Sparrows Point, Md. 
Cincinnati Section 
De Camp, Herbert C., Dayton, Ohio 
Matthieu, J. Clarence, Dayton, Ohio 
Stewart, Edward N., Dayton, Ohio 
Wente, Leslie H., Hamilton, Ohio 
Wuichet, Richard P., Dayton, Ohio 
Cleveland Section 
Bartlett, Carroll A., Cleveland, Ohio 
Keating, Leonard M., Mansfield, Ohio 
Keiffer, Lawrence R., Nela Park, Cleveland, Ohio 
Kositzky, Gustav A., (Member), Cleveland, Ohio 
Scheu, Lester W., Cleveland, Ohio 
Sears, Clarence G., Cleveland, Ohio 
Erie Section 
Hoag, Paul W., Erie, Pa. 
Lehigh Valley Section 
Hambleton, Joseph T., Pen Argyl, Pa. 
Philadelphia Section 
Hauer, Theodore M., Philadelphia, Pa. 
Heller, William H., Pleasantville, N. J. 
Riley, Weston K., Philadelphia, Pa. 
Risko, William, Philadelphia, Pa. 
Ward, Philip H., Jr., Philadelphia, Pa. 
Pittsburgh Section 
Harrington, George R., Scottdale, Pa. 
Lerch, Charles W., E. Pittsburgh, Pa. 
Piroth, Charles J., Pittsburgh, Pa. 
Vazquez, Daniel A., Jr., Springdale, Pa. 
Washington, D. C. Section 
Page, Donald W., Washington, D. C. 
Singleton, Louis W., Washington, D. C. 
Non-Section Territory 
Barksdale, John P., Charleston, W. Va. 
Hoelle, Martin R., Hagerstown, Md. 
Total 27 
Geographical District No. 3. 
New York Section 
Beutter, Erwin G., New York, N. Y. 
Borghard, A. W., Mt. Vernon, N. Y. 
Brieger, Lawrence, New York, N. Y. 
Brownley, Edward, Long Island City, N. Wee 
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Dannatt, Samuel H., New York, N. Y. 
Davis, George E., New York, N. Y. 
Hagin, John J., New York, N. Y. 

Heger, Francis E., New York, N. Y. 
Howard, Lawrence F., New York, N. Y. 
Johnson, Oscar, New York, N. Y. 

Keller, Arthur C., New York, N. Y. 

King, Karl T., New York, N. Y. 

Land, Edmund, New York, N. Y. 

La Rosa, Leonard, New York, N. Y. 
Lynam, Joseph P., New York, N. Y. 
MeAllister, Archibald, New York, N. Y. 
Meier, Robert A., New York, N. Y. 
Moody, Dwight L., New York, N. Y. 
Neckerman, William G., New York, N. Y. 
Nicely, Ralph N., (Member), New York, N. Y. 
Pipes, Pliny P., New York, N. Y. 

Ranger, Richard H., (Member), New York, N. Y. 
Reed, Russell M., New York, N. Y. 
Reidenbach, Alfred H., New York, N. Y. 
Schabinger, Frederick, New York, N. Y. 
Takasaki, Hitoshi, New York, N. Y. 

Van der Poll, Jan A., New York, N. Y. 
von Nostitz, Erich, New York, N. Y. 


Non-Section Territory 
de Tarnava, Constantino, Jr., Monterey, Mexico 
Helvie, Roscoe S8., Havana, Cuba 
Total 30. 
Geographical District No. 4 
Atlanta Section 
Daniell, Allie G., Atlanta, Ga. 
Phillips, James E., Atlanta, Ga. 
Non-Section Territory 
Boyer, Garth C., Richmond, Va. 
Curlee, Louis C., Birmingham, Ala, 
Reid, Henry J. E., Hampton, Va. 
Total 5. 
Geographical District No. 3 
Chicago Section 
Andrews, Charles P., Great Lakes, Ill. 
Bear, William P., (Member), Chicago, Ill. 
Freyer, Arthur L., Hammond, Ind. 
Jensen, Aage W. O., Chicago, Ill. 
Stanfield, John H., Chicago, Ill. 
Indianapolis-Lafayette Section 
Stout, Fred H., Indianapolis, Ind. 
Milwaukee Section 
Hadley, Homer L., West Allis, Wis. 
Lindner, Herbert G., Milwaukee, Wis. 
Maguire, Francis A., Milwaukee, Wis. 
Miller, Benjamin L., Milwaukee, Wis. 
Schroeder, Gilbert W., Milwaukee, Wis. 
Urbana Section 
Howie, John L., Jr., Urbana, Il. 
Total 12. 
Geographical District No. 6 
Denver Section 
Cawley, William H., Denver, Colo. 
McCarn, George E., (Member), Denver, Colo. 


- Reading, William R., Denver, Colo. 


Reed, Oliver P., Denver, Colo. 
Omaha Section 
Griswold, Phelps E., Omaha, Neb. 
Gantt, Robert A., (Member), Omaha, Neb. 
Minneapolis Section 
Gaarden, Oscar, Minneapolis, Minn. 
Manderfeld, Emanuel A., Minneapolis, Minn. 
Peterson, Richard M., Minneapolis, Minn. 
Purchas, Robert W. T., (Member), Minneapolis, 
Minn. 
Streed, S. Martin, Minneapolis, Minn. 
Young, Harold E., Minneapolis, Minn. 
Non-Section Territory 

Anderson, J. E., Maquoketa, Iowa 
Monnich, Maurice J., Seward, Neb. 
Soule, Martin H., Laramie, Wyo. 
Triem, Ralph H., La Porte City, Iowa. 
Total 16. 

Geographical District No. 7 

St. Louis Section 


Hartman, Walter K., St. Louis, Mo. 
Hauck, Louis W., St. Louis, Mo. 
Hoagland, Lyman E., St. Louis, Mo. 


LeMaster, William A., St. Louis, Mo. 
Non-Section Territory 
Deal, Harman B., Cape Girardeau, Mo. 
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Teague, W. L., Fayetteville, Ark. 
Williamson, Carl H., Springfield, Mo. 
Total 7. 
Geographical District No. 8 
Los Angeles Section 

Hounsell, E. Victor, Los Angeles, Cal. 
Spain, Carl J., Los Angeles, Cal. 

, San Francisco Section 
Isaac, Rosa D., San Francisco, Cal. 


Non-Section Territory 

Keer, Edwin M., Tonopah, Nevada 
Vaughan, Eleazer A., Lompoc, Cal. 
Total 5. 

Geographical District No. 9 

Seattle Section 

Greig, John W., Seattle, Wash. 
Harrell, William F., Seattle, Wash. 
Smith, Oliver C., Seattle, Wash. 
Thompson, Earl A., Seattle, Wash. 
Total 4. ; 


Geographical District No. 10 
Toronto Section 
Allanson, Henry E., Toronto, Ont. 
Allen, Charles H., Toronto, Ont. 
Barthe, Cyril S., Toronto, Ont. 
Kingstone, George A., Toronto, Ont. 
O'Holloran, James, Toronto, Ont. 


Non-Section Territory 
Blakeborough, Harold A., Kelowna, B. C. 


Bloomfield, James M., Calgary, Alta., Canada 


Etches, Gerald D., Glace Bay, N. S. 
Excell, Stephen H., Vernon, B. C. 
McKeever, Frederick L., Penticton, B. C. 
Raymond, Harold N., Montreal, P. Q. 
Total 11. 


Total Applications Received 149. 
FOREIGN 


Ayres, W. E. Milton, (Member), London, Eng. 


Baarsrud, Knud, Kristiania, Norway 
Inouye, Ikutaro, London, Eng. 
Koike, Shigeo, Sukegawa, Ibarakiken, Japan 


Kusumoto, Sojiro, Sukegawa, Ibarakiken, Japan 


McCracken, Glenn W., Santiago, Chile 
Natarajan, R., Bombay, India 
Nishi, Eisuke, Sukegawa, Ibarakiken, Japan 


Ohnishi, Sadahiko, Sukegawa, Ibarakiken, Japan 
Okuwa, Satoru, Sukegawa, Ibarakiken, Japan 


Semmens, Clive T. K., Rugby, Eng. 

Skinker, Murray F., Oxford, Eng. 

Souza, Manual E., Sao Paulo, Brazil, 8. A. 
Tokai, Shinzo, Sukegawa, Ibarakiken, Japan 
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14310 
14311 
14312 
14313 
14314 
14315 
14316 
14317 
14318 
14319 
14320 
14321 
14322 
14323 
14324 
14325 
14326 
14327 
14328 
14329 
14330 
14331 
14332 
14333 
14334 
14335 
14336 
14337 


14338 


14339 
14340 
14341 
14342 
14343 


14344 
14345 
14346 
14347 
14348 
14349 
14350 
14351 
14352 
14353 
14354 
14355 
14356 
14357 


14358 


Yokoi, Nobuyoshi, Sukegawa, Ibarakiken, Japan 


Total 15. 


STUDENTS ENROLLED JANUARY 13, 1922 


Burkhardt, Christian E., University of Wis. 
Bunyan, George A., Worcester Polytechnic 


14283 
14284 


14359 


14360 
14361 
14362 


Institute 14363 
14285 Rohrdanz, Edwin, Lewis Institute 14364 
14286 Robinson, Willard M. L., Cornell Uniy. 14365 
14287 Carr, Edward H., Cornell University 14366 
14288 Potter, Marcus L., Jr., Purdue University 14367 
14289 Deming, Herschel P., Purdue University 14368 
14290 Hendrickson, Ernest R., Purdue University 14369 
14291 Ahmed, S. H., Purdue University 14370 
14292 Faris, Arthur W., Purdue University 14371 
14293 Knowles, D. D., Purdue University 14372 
14294 Bement, David L., Purdue University 14373 
14295 Marzulli, Angelo M., Purdue University 14374 
14296 Stewart, Rollin H., Purdue University 14375 
14297 Sharma, G. C., Purdue University 14376 
14298 Thomas, Earl R., Mass. Inst. of Tech. 14377 
14299 McKinley, Thomas W., Drexel Institute 14378 
14300 Davee, Lawrence W., University of Maine 14379 
14301 Knowles, Frederick L., Carnegie Inst. of 14380 

Technology 14381 
14302 Mohr, Ernst J., University of Wisconsin 
14303 Alden, Philip M., Mass. Institute of Tech. 14382 


14304 Coupland, Robert R., Toronto Central 
Technical School 14383 

14305 Melcher, Harvey R., University of Wis. 

14306 Stribling, Thomas T., N. Y. Elec. School 14384 

14307 Beckley, James E., Drexel Institute 

14308 Beebe, Henry J., Drexel Institute 14385 

14309 Brinsfield, Allen M., Drexel Institute 14386 


Cordes, Charles M., Drexel Institute 
Devine, John J. A., Drexel Institute 
Doughty, Herbert C., Drexel Institute 
Fury, William M., Drexel Institute 
Gannon, James J., Drexel Institute 
Graham, Charles H., Drexel Institute 
Henry, John J., Drexel Institute 
Henry, Paul H., Drexel Institute 
Jellenhaus, Norman K., Drexel Institute 
Koch, William B., Drexel Institute 
Leeds, Louis E., Drexel Institute 
Light, Edwin D., Drexel Institute 
Logue, Michael J., Drexel Institute 
Ludwig, Allen K., Drexel Institute 
Naudain, Willis A., Drexel Institute 
Neuber, Samuel T., Drexel Institute 
Petrov, Morris, Drexel Institute ° 
Samson, Edward L., Drexel Institute 
Shields, Dennis J., Drexel Institute 
Stevens, Carl J., Drexel Institute 
Stevens, W. G., Jr., Drexel Institute 
Thompson, John, Drexel Institute 
Tyson, James S., Jr., Drexel Institute 
Whitman, Stanley H., Drexel Institute 
Brookes, Kenneson H., Univ. of Calif. 
Robertson, Lawrence M., Univ. of Colo. 
Nile, Jack, Newark Technical College 
Gray, Wallace G., Toronto Central Tech- 
nical School 
Ward, Charles, Toronto Central Technical 
School 
Saube, Nicholas C., Drexel Institute 
Kenworthy, Joseph W., Drexel Institute 
Clark, John J., Drexel Institute 
Kasonof, Morris, Drexel Institute 
Jennings, George A., Kansas State Agr. 
College 
Hickernell, Latimer F., Mass. Inst. of Tech. 
King, George W., Mass. Inst. of Tech. 
Garber, Leslie Harold, University of Wis. 
Garrett, Russell A.,-Purdue University 
Holaday, Frank M., Purdue University 
Cook, Thomas J., Purdue University 
Bledsoe, Cecil L., Purdue University 
Yiin, Gabriel Chen, University of Wis. 
Olson, Joseph B., Lewis Institute 
Keno, Meyer L., Lewis Institute 
Layne, Laurence E., Lewis Institute 
Jones, Elmer C., Lewis Institute 
Bishop, Wallace V., University of Toronto 
Zahour, Robert L., Case School of Applied 
Science 
Mead, Milton S., 
Applied Science 
Jung, Michael J., Case School of Applied 
Science 
Raczynski, Louis, Lewis Institute 
Shrader, Dow T., Lewis Institute 
Kiefer, Michael J., Lewis Institute 
Gilbert, Ralph H., Mass. Inst. of Tech. 
Shields, Stanley O., University of Toronto 
Shu, Chu, New York Electrical School 
Bennett, L. Earle, Drexel Institute 
Shew, C. Barrett, Drexel Institute 
Farber, Harry M., Drexel Institute 
Salnen, George C., Drexel Institute 


Jr., Case School of 


Zeitz, Edwin R., Yale University 
Monk, Newton, Harvard University 
Bateman, J. W., University of Toronto 


Blanch, Frederick D., University of Wis. 
Cerries, Louis, New York Electrical School 
Mueller, William A., Univ. of Nebraska 
Haller, Charles J., University of Illinois 
Nash, Russell O., University of Minnesota 
Schow, Garfield G., University of Minn. 
Scott, Herbert L., University of Minn. 
Zimmerschied, Clarence R., Univ. of Minn. 
Kimball, George K., 3rd, Colorado State 
Agricultural College 
Hall, Thomas M., Colorado State Agricul- 
tural College 


Ayres, A. Frank, Colorado State Agri. 
College 
Borschell, Edson J., Colorado State Agri 


College 
Lang, Gerald F., Colorado State Agri. Coll. 
Peter, Harold O., Colorado State Agri. Coll. 


14387 
14388 


14389 
14390 
14391 
14392 
14393 
14394 
14395 


14396 
14397 
14398 
14399 


14400 
14401 


14402 
14403 
14404 


14405 


14406 
14407 
14408 
14409 


14410 


14411 
14412 
14413 
14414 
14415 
14416 


14417 
14418 
14419 
14420 
14421 
14422 
14423 
14424 
14425 
14426 
14427 
14428 
14429 
14430 
14431 
14432 


14433 


14434 
14435 


14436 
14437 
14438 


14439 
14440 
14441 


14442 
14443 


14444 


14445 
14446 
14447 
14448 


14449 
14450 
14451 
14452 


Journal A. I. E. E. 


Deggett, Gilman ©., Colorado State Agri. 
College 

Wadsworth, John J., Colorado State Agri. 
College 


Lee, Robert J., University of Washington 
Chilberg, Elmer N., University of Wash. 
Rathbun, John H., University of Wash. 
Bergstrom, Theo., University of Wash. 
Stevens, Richard F., University of Wash. 
Bell, Robert C., Univ. of Southern Calif. 
Caldwell, Duncan K., University of 
Southern California 
Cockfield, Robert 
Southern California 
Heath, Edward B., University of Southern 
California 
Hess, James G., University of Southern 
California 
Hichborn, Donald B., Univ. of Southern 
California 
Howes, E., Univ. of Southern Calif. 
Landers, Challen F., Univ. of Southern 
California 
Robb, Marson 8., Univ. of Southern Calif. 
Schiller, George, Univ. of Southern Calif. 
Sauerman, E. Walter, Univ. of Southern 
Calif. 
Summers, H. Julien, Univ. 
California 
Zahn, Arthur W., Univ. of Southern Calif. 
Cook, Albert W., Univ. of North Dakota 
Bydal, Clarence B., Univ. of North Dakota 
Dunlevy, Jerome N., Univ. of North Caro- 
lina 
Ebenhahn, 
Dakota 
Goehl, Arthur H., Univ. of North Dakota 
Hough, Eugene L., Univ. of North Dakota 
Langlord, Alfonso M., Univ. of North Dak. 
McLean, Donald H., Univ. of North Dak. 
Nogosek, Stephen J., Univ. of North Dak. 
Rudiselle, Theodore E., University of 
North Dakota 
Smeby, Rudolph P., Univ. of North Dak. 
Winji, Severt W., Univ. of North Dak. 
Witmer, Robert B., Univ. of North Dak. 
Williamson, Robert J., Univ. of Toronto 
Teeple, Ralph J., Armour Inst. of Tech. 
MacLellan, University of Toronto 
Allen, Richard D. S., Drexel Institute 
Khalifah, A. Zaki Amer, Drexel Institute 
Diehl, Edward A. P., Drexel Institute 
Johnson, Norman F., Univ. of Toronto 
Senior, Arthur H., Ohio Northern Univ. 
Jaques, Clarence A., Univ. of Toronto 
Gray, Albert S., University of Toronto 


H., University of 


of Southern 


Alfred W., Univ. of North 


Olsen, Elvin E., Michigan Agri. College 

Agnor, Gilmore L., Virginia Military Inst. 

Ames, Walter C., Jr., Virginia Military 
Institute 

Archer, William W., Jr., Virginia Military 


Institute 

Carter, Robert G., Virginia Military Inst. 

Connally, Marshall H., Virginia Military 
Institute 

Glazier, Sam, Virginia Military Institute 

Marshall, Wilson C., Virginia Military Inst. 

Martin, Robert W. P., Virginia Military 
Institute 

Moore, Joseph P., Virginia Military Inst. 

O’Brien, William V., Virginia Military Inst. 

Pennybacker, Meade W., Virginia Military 
Institute 

Rainey, Thomas C., Virginia Military Inst. 

Shannon, William V., Virginia Military 
Institute 

Venable, William P., Jr., Virginia Military 
Institute 

Wilson, Harry W., Virginia Military Inst. 

Jaffey, Robert J., Virginia Military Inst. 

Buch, G. R., Virginia Military Institute 

Shackelford, Augustus G., Virginia Mili- 
tary Institute 

Carroll, Eugene L., Jr., Va. 

Crenshaw, Arcger D., Va. Military Inst. 

Hubard, Tazewell T., Va. Military Inst. 

Johnson, John O., Virginia Military Inst. 


Military Inst. 


Feb. 1922 


14456 


14460 


Thomas, David D., Jr., Hohns Hopkins 
University 


Luecke, Carl L., University of Kansas 


14486 


14487 
(14457 Egert, C. L., Johns Hopkins University 14488 
14458 Porter, James F., Johns Hopkins Univ. 14489 
14459 Dougherty, Harry, Jr., A. & M. College of 14490 
: Texas 14491 


Kater, Joseph A., University of Virginia 
Morgan, Marrion H., Jr., Univ. of Va. 
Murphy, James K., University of Virginia 
Parrack, Vasco R., University of Virginia 
Rawls, Reuben R., University of Virginia 
Thompson, Robert J., Univ. of Toronto 
Johnston, Bruce H., University of Toronto 


14517 


14518 
14519 


14520 
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_ 14453 Patterson, William A., Va. M 
sc Ei jean ett a ea ae a te pe ent eoeae University of Virginia 14515 White, Richard E., University of Toronto 
Peet ecru tee conc, SSM aa Sue Appi : us K., University of Virginia 14516 Kent, Harry E., Mass. Inst. of Tech. 


Thompson, Francis R., Carnegie Inst. of 
Technology 

Nordstedt, Einar A., University of Wis. 

Diffendaffer, Joseph A., Cass Technical 
High School 

Leggett, John A., Lowell Inst. School for 
Industrial Foreman 


14492 Bergen, Howard B., Lehigh Uni i i 
prtee g niversity 14521 Wells, g 
pies Tie Eo a arid 14493 Anderson, Charles B., Vir. Military Inst. Tndustrial eoreaia bain 2 
Ma ieee Gate o ay clad My eee 14494 Little, Daniel C., Virginia Military Inst. 14522 Baird, Harry P., University of Toronto 
Dae poe 2 tad ie nes ree 14495 Evans, Meyler G., University of Toronto 14523 Dalphin, Robert, Clarkson Coll. of Tech. 
14465 Nablo, Harold W Watversiarat ie 0} 14496 Benson, Wilfred R., University of Toronto 14524 Smith, J. Burnham, Mass. Inst. of Tech. 
Peiee Koop Tobn.J Basie he aioe 14497 Cady, Dewey, University of North Dakota 14525 Elliott, Frank W., University of Toronto 
14467 D’Hooghe ricanee einen Cie : - 14498 Hill, Byron R., University of North Dakota 14526 Megargee, Nathan L., Colo. Agri. College 
Dee tne pees e ees ae ee ty obs Myhre, Conrad B., Univ. of North Dakota 14527 Minnium, Byron B., University of Cin. 
14469 Grelick, D aud: hens race ee mae ara ane Ph PEtesity of Toronto 14528 Schaffer, Harry E., Bucknell University 
: . d, :, Mass. Inst. of Tech. 14529 Clark, Chester N., University of Illinois 
me Sierra ee H., Rutgers College 14502 Carrington, Edward L., Worcester Poly- 14530 Scott, Wayne Le Roy, Penn. ee College 
utler, ward J., Rutgers College technic Institute 14531 Reilly, James W., Wentworth Institute 


14472 


14473 


Grant, Ulysses 8., Tri-State College of 
Engineering 


14503 
14504 


Stann, Harry W., Cooper Union 
Johsson, Nils F., Drexel Institute 


14532 


Woolley, Horace W., Toronto Central 
Technical School ’ 


Goetz, Fred E., University of Wisconsin 14505 Taylor, Merton L., Clar 5 f i 
14474 Lunda, Ernest M., University of Wisconsin 14506 Goctned B. os yhs ieee Pe (eae ee peccednee a aban meuigips 
14475 Fisher, Ralph D., Armour Inst. of Tech. 14507 Tecter, John H., Mass. Institute of Tech. 14534 Mann, Muse E., Clemson Agri. College 
14476 Trow, Luther S., Wentworth Institute 14508 Glou, Harry C., Penn. State College 14535 Roth Victor at ee Drexel Tascinute 
14477 Sexton, Seymour, University of Nebraska 14509 Taylor, William B., Clarkson Coll. of Tech. 14536 TOSetyA les cancion 1OeNiee Inst. of Tech 
14478 Davis, Kirk E., Clarkson Coll. of Tech. 14510 Fulton, Richard B., Johns Hopkins Univ. 14537 Wich, John F. Stevens Inst. of Tech. 
14479 Hentz, Clifford E., Lowell Institute 14511 Pedder, James F., University of Toronto 14538 Moore, Coote: Ae Lafayette College ; 
14480 Buehl, Louis H., Jr., Drexel Institute 14512 Lothrop, Esmond F., Wentworth Institute 14539 Hogue, Leland J., University of Illinois 
14481 West, Frederick P., University of Virginia 14513 Diefenbach, Lowell T., Univ. of Cincinnati 14540 Myers, Walter H. N. Y. Electrical School 
14482 Bauserman, Harry F., University of Va. 14514 Ridout, Geoffrey S., University of Toronto Total 258. ; A 
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CHAIRMEN 


EXEcuTIVE, William McClellan 

FInance, L. F. Morehouse 

MEETINGS AND PapeErs, E. E. F. Creighton 
Pus.icaTion, A. S.. McAllister 

CoorpINATION OF INSTITUTE ACTIVITIES, W. I. Slichter 
Boarp oF EXAMINERS, H. H. Norris 

Sections, A. W. Berresford 

STUDENT BRANCHES, C. Francis Harding 

MEMBERSHIP, E. H. Martindale 

HEADQUARTERS, W. A. Del Mar 

Law, H. H. Barnes, Jr. 

Pustic Poricy, H. W. Buck 

Cope oF PRINCIPLES OF PROFESSIONAL CONDUCT, Cc. A. Adams 
Sarety Cones, H. B. Gear 

STANDARDS, Harold Pender 

Epi1son}]MepAL, C. A. Adams 

RESEARCH, F. B, Jewett 


. 


AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL OF THE FEDERATED AMERICAN ENGINEERING 
SOCIETIES 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

Boarp or TRUSTEES, UNITED ENGINEERING SOCIETY 

ENGINEERING FOUNDATION BOARD 

FRANCO-AMERICAN ENGINEERING COMMITTEE 

Joun Fritz MepaL Boarp OF AWARD 

LIBRARY BOARD, UNITED ENGINEERING SOCIETY 

ELECTRICAL COMMITTEE, NATIONAL FIRE PROTECTION ASSOCIATION 

ENGINEERING Division, NATIONAL RESEARCH COUNCIL 

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 
MISSION 


U. S. NATIONAL COMMITTEE OF THE 
COMMISSION 


COMMISSION OF WASHINGTON AWARD 


A. I. E. E. SECTIONS AND BRANCHES 


A complete list of the 42 Sections and the 67 Student Branches of the Institute, 
with the names of the chairmen and secretaries, may be found in the January 
issue and will be published again in the June issue. 


INTERNATIONAL ELECTROTECHNICAL 


46 INSTITUTE AND RELATED ACTIVITIES 


Sea 


NEW CATALOGS AND OTHER TRADE PUBLICATIONS 


Mailed to interested readers by issuing companies. 


Recording Electrical. Instruments.—Catalog 1501, 31 pp. 
Deseribes recording voltmeters, ammeters, wattmeters, milli- 
voltmeters, shunt ammeters, frequency meters, etc. The 
Bristol Company, Waterbury Conn. 

Electrical Protecting Materials and Conduit Fittings.— 
Catalog 29, 96 pp. Renewable and non-renewable fuses, wire 
and metal links, switch and outlet boxes, extension rings, ete. 
Chicago Fuse Co., Laflin & 15th Sts., Chicago. 

Marine Equipment.—Circular 106, 17 pp. Deseribing 
geared turbine propulsion, Diesel electric propulsion, deck 


auxiliaries, generating sets and auxiliaries, dry dock and ship-~ 


‘yard equipment, are welding. Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. 

Photometers.—Catalog No. 32. Spherical photometers 
and Sharp-Millar portable photometers, for measuring lumens 


or mean spherical candlepower of incandescent lamps. Foote, 
Pierson & Co., Ine., 160 Duane St., New York. 
Outdoor Substations.—Bulletin 37, 64 pp. Illustrates 


installations of outdoor substations and accessory equipment, 
switches, arresters, choke coils, ete. Delta-Star Electric Co., 
2433 Fulton St., Chicago. 

Time Switches.—Bulletin, 9 pp. Deseribes operation and 
attachments of Sauter time switches, including astronomic dial, 
Sunday cut-out, additional poles on revolving switch, remote 
control, ete. R. W. Cramer & Co., 136 Liberty St., New York. 

Vertical WaterWheel-Driven Generators.—Circular 3439, 
4pp. Westinghouse Elec. & Mfg. Co., East Pittsburgh. 

Combustion Problems.—Bulletin 220, 7 pp. ‘Magnitude 
of the Power Plant’s Chimney Loss,’”’ and Bulletin 221, 11 pp. 
“Relation between C Oo and Money Wasted up the Chimney”’; 
illustrating the saving claimed by use of Recording Equipment. 
Uehling Instrument Co., Paterson, N. J. 

Polyphase Motor.—Bulletin 129, 12 pp. Describing the 
new “‘Pow-R-full” polyphase motor. Wagner Elee. Mfg. Co., 
St. Louis. 

Wire Rope.—Book,137pp., ‘‘Outspimning the Spider.” A his- 
tory of wire rope manufacture. Describes the wire rope barrage 
installed in the English Channel during the late war, the 
Brooklyn Bridge and other notable applications of wire-rope. 
John A. Roeblings’ Sons Co., Trenton, N. J. 

Electrical Brushes.—Catalog 7, 48 pp. Describes charac- 
teristics of various types and applications. Contains price- 
list. Corliss Carbon Co., Bradford, Pa. 

Wiring Devices.—Catalog, 304 pp., leather covered, pocket 
size. Sockets, switches, fuses, receptacles, ete. The Con- 
necticut Hlectric Mfg. Co., Bridgeport, Conn. 

Circuit Breakers.—Bulletin, 36 pp. Deseribing the ‘‘U-Re- 
Lite’’ cireuit-breaker and applications in industrial plants. The 
Cutter Company, Philadelphia. 

Turbine Steam Generator Units. Circular 1094-B, 36 
pp. Discusses reactance and impulse types, both semi-double 
flow type and multiple cylinder type. Bleeder turbines and 


geared turbines are described, as well as the generator. Westing- 
house Elec. & Mfg. Co., East Pittsburgh. 
Freight Handling Device.—Bulletin, 12 pp. Contains 


specifications of Viche Safety Toe Board, made of pressed steel, 
which is claimed to be particularly suitable for loading heavy 
electrical machinery from platforms to freight cars, and vice- 
versa. L. C. Hitzen Organization, 280 Broadway, New York. 


Refractory Linings.—Bulletin, 18 pp. 
Power Plant.’’ Describes 


‘““Hytempite in the 
the applications of Hytempite 
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(a refractory material) for bonding fire brick and kindred uses. 
Quigley Furnace Specialties Co., 26 Cortlandt St., New York. 

Laboratory and Commercial Electrical Accessories.— 
Bulletin 18, 15 pp. Carbon Compression Rheostats; D.C. 
Meter Loading Units, including Edison Storage Cells; Single 
and Triplex Plug Terminal Lugs; Meliorate Solderless 
Terminals; Thumbar Terminals Binding Posts and Connectors, 
ete. Standard Se‘entific Co., West 4th & Barrow Sts., New York. 

Commutator Resurfacers.—Leaflet, describing ‘‘Ideal’’ 
commutator resurfacers. Ideal Commutator Dresser Co., 
Chicago. 

Waterwheels.— Bulletin 17, 48 pp. Describes impulse and 
reaction turbines and accessory equipment. Pelton Water 
Wheel Co., San Francisco. 

Safety Switches and Panel Boards.—Catalog 12-A, 64 pp. 
Westinghouse Elec. & Mfg. Co., East Pittsburgh. 

Dynamometer.—Bulletin 48716, 8 pp. Apparatus for 
accurate measurement of torque or power. Sprague Electric 
Works of G. E. Co., 527 W. 34th St., New York 

Vacuum Pump. Bulletin 92, 4 pp., ‘“New Rotary Cenco 
Hyvae Pump.” Production of a vacuum of 0/001 mm., without 
a preliminary or backing pump, is claimed for this apparatus. 
Central Scientific Co., 460 E. Ohio St., Chicago. 

Balancing Machines.—Bulletin. _Olsen-Carwen Static-Dy- 
namic Balancing Machines, for detecting and indicating the 
exact point causing unbalance in the rotors of high speed ma- 
chinery such as motors, turbines, ete. Tinius Olsen Testing 
Machine Co., 500 No. 12th St., Philadelphia. 


MISCELLANEOUS 


Standard Underground Cab e Co.—Atlee B. Saurman has 
been appointed General Sales Manager with headquarters in 
Pittsburgh. Mr. Saurman has been connected with the com- 
pany over twenty years, as manager of the Boston, San Francisco, 
and until recently, the Philadelphia offices. Edward Kersehner 
has been appointed manager of the new Southeastern Sales 
Dept. with headquarters in Washington, D. C. He has been 
with the company for many years, in the Pittsburgh, Philadel- 
phia and Washington offices. F. O. Hoyt has been appointed 
manager of the Philadelphia Sales Dept. 


Cutler-Hammer Mfg. Co.—The Boston office has moved to 
404 Harvey Bldg., Chaney St. This branch is in charge of 
C. W. Yerger. 

American Fibre Conduit Corporation. E. J. O’Neil 
former manager of the Chicago office, which is no longer main- 
tained, has been made Business Manager of the company, at the 
Executive Offices in Fulton, N. Y. Communications should be 
addressed to the General Sales Office, 103 Park Ave., New York, 
or to the nearest branch of the Western Blectrte Cow sole dis- 
tributors in the United States. 

The Cutter Co.—Circuit breakers and switches, Philadelphia. 
The Toronto Office has recently been re-opened, in charge of 
Donald M. Fraser, at 24 Adelaide St., East. Mr. Fraser was 
formerly connected with the Canadian General Electric Co. 

The Roller-Smith Company.—Electrical instruments and 
circuit breakers, New York. O. I. Eberhardt, Board of Trade 
Bldg., Scranton, Pa., has been appointed special representative 
to handle this company’s line in a number of Pennsylvania coun- 
ties. 

Geo. J. Kirkgasser & Co.—Advertising. H. B. Price, 
formerly advertising manager of the Belden Mfg. Co., is now 
connected with Kirkgasser agency and will specialize in electrical 
and technical advertising. 


